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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 5167-1 : 1991 'Measurement of fluid flow by means of 
pressure differential devices — Part 1 : Orifice plates, nozzels and venturi tubes inserted in circular 
cross-section conduits running full' issued by the International Organization for Standardization (ISO) 
was adpoted by the Bureau of Indian Standards on the recommendations of Fluid Flow Measurement 
Sectional Committee (RVD 1) and approval of the River Valley Division Council. 

Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

Comma (,) has been used as a decimal marker, while in Indian Standards, the current practice is to use 
a point (.) as the decimal marker. 

Amendment No. 1 to the above International Standard has been printed at the end. 

CROSS REFERENCES 

The following International Standards have been referred to for which ttiere are no corresponding Indian 
Standards but they may be acceptable for use in conjunction with this standard : 

ISO 21 86 : 1 973 Fluid flow in closed conduits — Connections for pressure signal transmissions 

between primary and secondary elements 

ISO 4006 : 1 991 Measurement of fluid flow in closed conduits — Vocabulary and symbols 

I SO 51 68 : 1 978 Measurement of fluid flow — Estimation of uncertainty of a flow rate measurement 

ISO/TR3313: 1974 Measurement of pulsating fluid flow in a pipe by means of orifice plates, 

nozzels or venturi tubes, in particular in the case of sinusoidal or square 
wave intermittent periodic type fluctuations 

In this standard, ISO 468 : 1982 'Surface roughness — Parameters, their values and general rules for 
specifying requirements' has also been referred to for which there is no corresponding Indian Standard. 
However, for useful information regarding surface roughness Indian Standard IS 3073 : 1967 'Assessment 
of surface roughness' may be referred to. 



IS 14615 (Parti ):1999 
ISO 5167-1 : 1991 



Contents 

Page 

1 Scope 3 

2 Normative references 4 

3 Definitions 4 

4 Symbols and subscripts 7 

4.1 Symbols 7 

4.2 Subscripts 8 

5 Principle of the method of measurement and computation ... 8 
?,1 Principle of the method of measurement 8 

5.2 Method of determination of the diameter ratio of the selected 
standard primary device 8 

5.3 Computation of rate of flow 8 

5.4 Determination of density 9 

6 General requirements for the measurements 9 

6.1 Primary device 9 

6.2 Nature of the fluid 9 

6.3 Flow conditions 10 

7 installation requirements 10 

7.1 General 10 

7.2 Minimum upstream and downstream straight lengths required for 
installation between various fittings and the primary device 1 1 

7.3 Flow conditioners 13 

7.4 General requirements for flow conditions at the primary 

device 16 

7.5 Additional specific installation requirements for orifice plates, 
nozzles and Venturi nozzles 16 

7.6 Additional specific installation requirements for classical Venturi 
tubes 18 

6 Orfflce plates 18 



IS 14615 ( Part 1 ): 1999 
ISO 5167-1 : 1991 



8.1 Description , 18 

8.2 Pressure tappings 20 

8.3 Coefficients and corresponding uncertainties of orifice plates 23 

8.4 Pressure loss, Aw 25 

9 Nozzles 25 

9.1 ISA 1932 nozzle 25 

9.2 Long radius nozzles 28 

10 Venturi tubes 30 

10.1 Classical Venturi tubes 30 

10.2 Venturi nozzle 36 

11 Uncertainties on the measurement of flow-rate 39 

11.1 Definition of uncertainty 39 

11.2 Practical computation of the uncertainty 39 

Annexes 

A Tables of discharge coefficients and expansibility [expansion] 

factors 41 

B Classical Venturi tubes used outside the scope of this part of 

ISO 5167 57 

C Pressure loss in a classical Venturi tube -59 

D Iterative computations 61 

E Examples of values of the pipe wall uniform equivalent rpughness, 

k 63 



IS 14615(Part1):1999 
ISO 5167-1 : 1991 



Indian Standard 

MEASUREMENT OF FLUID FLOW BY MEANS OF 
PRESSURE DIFFERENTIAL DEVICES 

PART 1 ORIFICE PLATES, NOZZLES AND VENTURI TUBES INSERTED IN CIRCULAR 
CROSS-SECTION CONDUITS RUNNING FULL 



i Scope 

This part of ISO 5167 specifies the geometry and 
method of use (installation and operating conditions) 
of orifice plates, nozzles and Venturl tubes when 
they are inserted in a conduit running full to deter- 

nunc uic muw-i oic ui mc uuiu ituwmy m uic ia/iiuuh. 

It also gives necessary information for calculating 
the flow-rate and its associated uncertainty. 

It applies only to pressure differential devices in 
which the flow remains subsonic throughout the 
measuring section and is steady or varies oniy 
slowly with time and where the fluid can be con- 
sidered as single-phase. In addition, each of these 
devices can only be used within specified limits of 
pipe size and Reynolds number. Thus this part of 



lOrt C4C7 #•»<•• nr»«4 K*» nt*e%A fr\r nln& et^ae Iabb Ikon 
lv?V tilUi vaimui l>c U3BU i\si pip« giceo IC99 limn 

50 mm or more than 1 200 mm or for pipe Reynolds 
numbers below 3 150. 

It deals with devices for which direct calibration ex- 
periments have been made, sufficient in number, 
spread and quality to enable coherent systems of 
application to be based on their results and co- 
efficients to be given with certain predictable limits 
of uncertainty. 

The devices introduced into the pipe are called 
"primary devices". The term primary device also 
includes the pressure tappings. All other instru- 
ments or devices required for the measurement are 
known as "secondary devices". This part of 
ISO 5167 covers primary devices; secondary 
devices 1 ' will be mentioned only occasionally. 



1 ) See ISO 2 1 86: 1 973, Fluid flow in closed conduits — Connections for pressure signal transmissions between primary and 
secondary elements. 
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The different primary devices dealt with in this part 
of ISO 5167 are as follows: 

a) orifice plates, which can be used with corner 
pressure tappings, D and Df2 pressure 
tappings**, and flange pressure tappings; 

b) ISA 1932 nozzles", and long radius nozzles, 
which differ in shape and in the position of the 
pressure tappings; 

c) classical Venturi tubes 41 , and Venturi nozzles, 
which differ in shape and in the position of the 
pressure tappings. 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this part of ISO 5167. At the time of publication, 
the editions indicated were valid. All standards are 
subject to revision, and parties to agreements based 
on this part of ISO 5167 are encouraged to investi- 
gate the possibility of applying the most recent edi- 
tions of the standards indicated below. Members of 
IEC and ISO maintain registers of currently valid 
International Standards. 

ISO 468:1982, Surface roughness — Parameters, their 
values and general rules for specifying 
requirements. 

ISO 4006:1991, Measurement of fluid flow in closed 
conduits — Vocabulary and symbols. 



ISO 5168:— » Measurement of fluid flow 
of uncertainties. 



Evaluation 



The following definitions are given only for terms 
used in some special sense or for terms the mean- 
ing of which it seems useful to emphasize. 

3.1 Pressure measurement 



3.1.1 wall pressure tapping: Annular or circular 
hole drilled in the wall of a conduit in such a way 
that the edge of the hole is flush with the internal 
surface of the conduit. 

The hole is usually circular but in certain cases may 
be an annular slot. 



3.1.2 static pressure of a fluid flowing through a 
straight pipeline, p: Pressure which can be meas- 
ured by connecting a pressure gauge to a wall 
pressure tapping. Only the value of the absolute 
static oressure is considered in this part of ISO 5167. 



3.1.3 differential pressure, Ap: Difference between 
the (static) pressures measured at the wall pressure 
tappings, one of which is on the upstream side and 
the other of which is on the downstream side of a 
primary device (or in the throat for a Venturi tube) 
inserted in a straight pipe through which flow oc- 
curs, when any difference in height between the up- 
stream and downstream tappings has been taken 
into account. 

In this part of ISO 5167 the term "differential press- 
ure" is used only if the pressure tappings are in the 
positions specified for each standard primary de- 
vice. 



3 Definitions 

For the purposes of this part of ISO 5167, the defi- 
nitions given in ISO 4006 apply. 



3.1.4 pressure ratio, t: Ratio of the absolute (static) 
pressure at the downstream pressure tapping to the 
absolute (static) pressure at the upstream pressure 
tapping. 



2) Orifice plates with vena contracts pressure tappings are not considered in this part of ISO 5167. 

3) ISA is the abbreviation for the International Federation of the National Standardizing Associations, which was suc- 
ceeded by ISO In 1946. 

4) In the USA the classical Venturi tube is sometimes called the Herschel Venturi tube. 

5) To be published. (Revision of ISO 5168:1978) 
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3.2 Primary devices 

3.2.1 orifice; throat: Opening of minimum cross- 
sectional area of a primary device. 

Standard primary device orifices are circular and 
coaxial with the pipeline. 

3.2.2 orifice plate: Thin plate in which a circular 
aperture has been machined. 

Standard orifice plates are described as "thin 
plate" and "with sharp square edge", because the 
thickness of the plate is smalt compared with the 
diameter of the measuring section and because the 
upstream edge of the orifice is sharp and square. 

3.2.3 nozzle: Device which consists of a convergent 
inlet connected to a cylindrical section generally 
called the "throat". 

3.2.4 Venttirl tube: Device which consists of a con- 
vergent infet connected to a cylindrical part called 
the "throat" and an expanding section called the 
"divergent" which is conical. 

If the convergent inlet is a standardized ISA 1932 
nozzle, the device is called a "Venturi nozzle". If the 
convergent inlet is conical, the device is called a 
"classical Venturi tube". 

3.2.5 diameter ratio of a primary device used in a 
given pipe, /?: Ratio of the diameter of the orifice (or 
throat) of the primary device to the internal diameter 
of the measuring pipe upstream of the primary de- 
vice. 

However, when the primary device has a cylindrical 
section upstream, having the same diameter as that 
of the pipe (as in the case of the classical Venturi 
tube), the diameter ratio is the quotient of the throat 
diameter and the diameter of this cylindrical section 
at the plane of the upstream pressure tappings. 

3.3 Flow 

3.3.1 rate of flow of fluid passing through a primary 
device, q: Mass or volume of fluid passing through 
the orifice (or throat) per unit time; in all cases it is 
necessary to state explicitly whether the mass rate 
of flow q m , expressed in mass per unit time, or the 
volume rate of flow q v , expressed in volume per unit 
time, is being used. 



3.3.2 Reynolds number, Re: Dimensionless par- 
ameter expressing the ratio between the inertia and 
viscous forces. 

The Reynolds number used in this part of ISO 5167 
is referred to 

— either the upstream condition of the fluid and the 
upstream diameter of the pipe, i.e. 



Re n = 



V<D 4q„ 



itH)D 



— or the orifice or throat diameter of the primary 
device, i.e. 

Re D 

3.3.3 Isentropic exponent, k: Ratio of the relative 
variation in pressure to the corresponding relative 
variation in density under elementary reversible 
adiabatic (isentropic) transformation conditions. 

The isentropic exponent k appears in the different 
formulae for the expansibility [expansion] factor e 
and varies with the nature of the gas and with its 
temperature and pressure. 

There are many gases and vapours for which no 
values for k have been published so far. In such a 
caree, for the purposes of this part of ISO 5167, the 
ratio of the specific heat capacities of ideal gases 
can be used in place of the isentropic exponent. 

3.3.4 discharge coefficient, C: Coefficient, defined 
for an incompressible fluid flow, which relates the 
actual flow-rate to the theoretical flow-rate through 
a device. It is given by the formula 



C = 



InJ* 1 ? 



\d 2 4iEj^ 



Calibration of standard primary devices by means 
of incompressible fluids (liquids) shows that the dis- 
charge coefficient is dependent only on the 
Reynolds number for a given primary device in a 
given installation. 

The numerical value Of C is the same for different 
installations whenever such installations are ge- 
ometrically similar and the flows are characterized 
by identical Reynolds numbers. 
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The equations for the numerical values of C given in 
this part of ISO 5167 are based on data determined 
experimentally. 



NOTE t The quantity t/^/l - 0* is called the "velocity 
of approach factor" and the product 



is called the "flow coefficient" . 

3.3.5 expansibility [expansion] factor, e: Coefficient 
used to take into account the compressibility of the 
fluid. It is given by the formula 



e — 



f 



±d 2 cj2^ 



Calibration of a given primary device by means of a 
compressible fluid (gas), shows that the ratio 



J^T 



frfV24 



VQ\ 



is dependent on the value of the Reynolds number 
as well as on the values of the pressure ratio and 
the isentropic exponent of the gas. 

The method adopted for representing these vari- 
ations consists of multiplying the discharge coef- 
ficient C of the primary device considered, as 



determined by direct calibration carried out with 
liquids for the same value of the Reynolds number, 
by the expansibility [expansion] factor e. 

e is equal to unity when the fluid is incompressible 
and is less than unity when the fluid is compressible. 

This method is possible because experiments show 
that e is practically independent of the Reynolds 
number and, for a given diameter ratio of a given 
primary device, e only depends on ihe differential 
pressure, static pressure and the isentropic ex- 
ponent. 

The numerical values of e for orifice plates given in 
this part of ISO 5167 are based on data determined 
experimentally. For nozzles and Venturi tubes they 
are based on the thermodynamic general energy 
equation. 

3.3.6 arithmetical mean deviation of the 
(roughness) profile, R a : Arithmetic mean deviation 
from the mean line of the profile being measured. 
The mean line is such that the sum of the squares 
of the distances between the effective surface and 
the mean line is a minimum. In practice R a can be 
measured with standard equipment for machined 
surfaces but can only be estimated for rougher sur- 
faces of pipes. (See also ISO 468.) 

For pipes, the uniform equivalent roughness k is 
used. This value can be determined experimentally 
(see 8.3.1) or taken from tables (see annex E). 
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4 Symbols and subscripts 
4.1 Symbols 



Symbol 


Quantity 


Dimension 1 ' 


SI unit 


C 


Coefficient of discharge 


dlmenslonless 


- 


d 


Diameter of orifice (or throat) of primary device at working con- 
ditions 


L 


m 


B 


Upstream internal pipe diameter (or upstream diameter of a clas- 
sical Venturl tube) at working conditions 


L 


m 


e 


Relative uncertainty 


dlmenslonless 


- 


k 


Uniform equivalent roughness 


I 


m 


t 


Pressure tapping spacing 


L 


m 


L 


Relative pressure tapping spacing 
Absolute static pressure of the fluid 


dlmenslonless 


" 


P 


ML- 1 T-* 


Pa 


4m 


Mass rate of flow 


MT- 1 


kg/s 


iv 


Volume rate of flow 


L» T-i 


m s /s 


R 


Radius 


L 


m 


*. 


Arithmetical mean deviation of the (roughness) profile 


L 


m 


Re 


Reynolds number 


dlmenslonless 


- 


Re D 


Reynolds number referred to 


dlmenslonless 


- 


Re d 


Reynolds number referred to d 


dlmenslonless 


- 


t 


Temperature of the fluid 





*C 


U 


Mean axial velocity of the fluid in the pipe 


LT" 1 


m/s 


P 


Diameter ratio 

Ratio of specific heat capacities 2 * 


dlmenslonless 


— 


7 


dlmenslonless 




6 


Absolute uncertainty 


3) 


9) 


Ap 


Differential pressure 


ML" 1 T-« 


Pa 


Atu 


Pressure loss 


ML" 1 T-* 


Pa 


t 


Expansibility [expansion] factor 


dlmenslonless 


— 


K 


Isentroplc exponent 2 ' 


dlmenslonless 


- 


n 


Dynamic viscosity of the fluid 


ML- 1 T"« 


Pas 


V 


Kinematic viscosity of the fluid 

V = l 
Relative pressure loss 


L*T~ 1 


m*/s 


I 


dlmenslonless 




Q 


Density of the fluid 


ML" 3 


kg/m 3 


t 


Pressure ratio 


dlmenslonless 


— 


<P 


P\ 
Total angle of the divergent section 


dlmenslonless 


rad 


1) M = mass, L = length, T = time, © = temperature. 






2) y Is the ratio of the specific heat capacity at constant pressure to the specif 
the ratio of the specific heat capacities and the isentroplc exponent have the san 
ture of the gas. 


ic heat capacity at constant 
ra value (see 3.3.3). These 


volume. For Ideal gases, 
values depend on the na- 


3) The dimensions and units are those of the corresponding quantity. 
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4.2 Subscripts 



Subscript 


Meaning 


1 
2 


Upstream 
Downstream 



5 Principle of the method of measurement 
and computation 

5.1 Principle of the method of measurement 

The principle of the method of measurement is 
based on the installation of a primary device (such 
as an orifice plate, a nozzle or a Venturi tube) into 
a pipeline in which a fluid is running full. The instal- 
lation of the primary device causes a static pressure 
difference between the upstream side and the throat 
or downstream side of the device. The rate of flow 
can be determined from the measured value of this 
pressure difference and from the knowledge of the 
characteristics of the flowing fluid as well as the 
circumstances under which the device is being 
used. It is assumed that the device is geometrically 
similar to one on which calibration has been carried 
out and that the conditions of use are the same, i.e. 
that it is in accordance with this part of ISO 5167. 

The mass rate of flow can be determined, since it is 
related to the differential pressure within the uncer- 
tainty limits stated in this part of ISO 5167, by one 
of the following formulae: 



**,= 



J^7 



fd 2 j2*^ 



or 



v 1 ~0 



...(1) 



• (2) 



where q 2 and e 2 are referred to the downstream 
conditions. 



Note that 

«2 



-V^¥ 



Similarly, the value of the volume rate of flow can 
be calculated since 



q v 



■■(3) 



where g is the fluid density at the temperature and 
pressure for which the volume is stated. 



5.2 Method of determination of the diameter 
ratio of the selected standard primary device 

In practice, when determining the diameter ratio of 
a primary element to be installed in a given pipeline, 
C and e used in the basic -formulae (1) and (2) are, 
in general, not known. Hence the following shall be 
selected a priori: 

— the type of primary device to be used; 

— a rate of flow and the corresponding value of the 
differential pressure. 

The related values of q m and A/» are then inserted in 
the basic formulae rewritten in the form 



Czf 



*1n 



71-0 4 *£>y2Asr 



in which q and e can be inserted for either upstream 
or downstream conditions (?, and e,, or g 2 and e 2 ) 
and the diameter ratio of the selected primary de- 
vice can be determined by iteration (see annex D). 



5.3 Computation of rate of flow 

Tables A.1 to A. 16 are given for convenience: tables 
A.1 to A.13 give the values of C as a function of p, 
Re D and D for orifice plates and nozzles, tables A.14 
and A. 15 give orifice, nozzle and Venturi tube 
expansibility factors e t , and table A. 16 gives values 
of Venturi nozzle discharge coefficients. They are 
not intended for precise interpolation. Extrapolation 
is not permitted. 

Computation of the rate of flow, which is a purely 
arithmetic process, is effected by replacing the dif- 
ferent terms on the right-hand side of the basic for- 
mula (1) or (2) by their numerical values. 

NOTES 

2 Except for the case of Venturi tubes, C may be de- 
pendent on Re, which is itself dependent on q m . In such 
cases the final value of C, and hence of q m , has to be ob- 
tained by iteration. See annex D for guidance regarding 
the choice of the iteration procedure and initial estimates. 

3 tap represents the differential pressure, as defined in 
3.1.3. 

4 The diameters d and D mentioned in the formulae are 
the values of the diameters at the working conditions. 
Measurements taken at any other conditions should be 
corrected for any possible expansion or contraction of the 
primary device and the pipe due to the values of the 
temperature and pressure of the fluid during the meas- 
urement. 

5 It is necessary to know the density and the viscosity 
of the fluid at the working conditions. 



e* 
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5.4 Determination of density 

It is necessary to know the density of the fluid at the 
plane of the upstream or downstream pressure 
tapping; it can either be measured directly or be 
calculated from a knowledge of the static pressure, 
temperature and characteristics of the fluid at the 
appropriate plane. However, it is considered that the 
upstream pressure tapping will provide the most 
consistent results. 



5.4.1 The static pressure of the fluid shall be 
measured in the plane of the upstream or down- 
stream pressure tapping by means of an individual 
pipe-wall pressure tapping (as described in 8.2.1) or 
by means of carrier ring tappings (see figure 6). 



5.4.1.1 The static pressure tapping shall preferably 
be separate from the tappings provided for measur- 
ing the components of the differential pressure, un- 
less the intention is to measure upstream and 
downstream pressures separately. 

It is, however, permissible to link simultaneously 
one pressure tapping with a differential pressure 
measuring device and a static pressure measuring 
device, provided 1hat it is verified that this double 
connection does not lead to any distortion of the 
differential pressure measurement. 



5.4.1.2 The static pressure value to be used in 
subsequent computations is that existing at the level 
of the centre of the measuring cross-section, which 
may differ from the pressure measured at the wall. 



5.4.2 The temperature of the fluid shall preferably 
be measured downstream of the primary device. 
The thermometer well or pocket shall take up as lit- 
tle space as possible. The distance between it and 
the primary device shall be at least equal to 50 (and 
at most 15D when the fluid is a gas) if the pocket is 
located downstream, and in accordance with the 
values given in table 1, columns 10 and 11, if the 
pocket is located upstream. 

Within the limits of application of this part of 
ISO 5167 it may generally be assumed that the 
downstream and upstream temperatures of the fluid 
are the same at the differential pressure tappings. 

However, if the fluid is a gas, its upstream tempera- 
ture may be calculated from the temperature meas- 
ured downstream (at a distance of 5Z> to 15D) of the 
primary device. 



5.4.3 Any method of determining reliable values of 
the density, static pressure, temperature and vis- 
cosity of the fluid is acceptable if it does not interfere 
with the distribution of the flow in any way at the 
measuring cross-section. 

5.4.4 The temperature of the primary device and 
that of the fluid upstream of the primary device are 
assumed to be the same (see 7.1.9). 

6 General requirements for the 
measurements 

In order to comply with this part of ISO 5167 the fol- 
lowing requirements shall be met. 

6.1 Primary device 

6.1.1 The primary device shall be manufactured, 
installed and used in accordance with this part of 
ISO 5167. 

When the manufacturing characteristics and con- 
ditions of use of the primary devices are outside the 
limits given in this part of ISO 5167, It is necessary 
to calibrate the primary device separately under the 
actual conditions of use. 

6.1.2 The condition of the primary device shall be 
checked after each measurement or after each se- 
ries of measurements, or at intervals close enough 
to each other so that conformity with this part of 
ISO 5167 is maintained. 

It should be noted that even apparently neutral fluids 
may form deposits or encrustations on primary de- 
vices. Resulting changes in the discharge coefficient 
which can occur over a period of time can lead to 
values outside the uncertainties given in this part of 
ISO 5167. 

6.1.3 The primary device shall be manufactured 
from material the coefficient of expansion of which 
is known, except if the user decides that the vari- 
ations in the dimensions due to the temperature 
changes may be neglected. 

6.2 Nature of the fluid 

6.2.1 The fluid may be either compressible (gas) 
or considered as being incompressible (liquid). 

6.2.2 The fluid shall be such that it can be con- 
sidered as being physically and thermally homo- 
geneous and single-phase. Colloidal solutions with 
a high degree of dispersion (such as milk), and only 
those solutions, are considered to behave as a 
single-phase fluid. 
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6.2.3 To carry out the measurement, it is necessary 
to know the density and viscosity of the fluid at the 
working conditions. 

6.3 Flow conditions 

6.3.1 The rate of flow shall be constant or, in prac- 
tice, shall vary only slightly and slowly with time. 
This part of ISO 5167 does not provide for the 
measurement of pulsating flow, which Is the subject 
of ISO/TR 3313«>. 

6.3.2 The uncertainties specified in this part of 
ISO 5167 are valid only when there is no change of 
phase through the primary device. Increasing the 
bore or throat of the primary element will reduce the 
differential pressure, which may prevent a change 
of phase. To determine whether or not there is a 
change of phase, the flow computation shall be car- 
ried out on the assumption that the expansion is 
isothermal for liquids or isentropic for gases. 

6.3.3 If the fluid is a gas, the pressure ratio as de- 
fined in 3.1.4 shall be greater than or equal to 0,75. 

7 Installation requirements 
7.1 General 

7.1.1 The method of measurement applies only to 
fluids flowing through a pipeline of circular cross- 
section. 

7.1.2 The pipe shall run full at the measuring sec- 
tion. 

7.1.3 The primary device shall be installed in the 
pipeline at a position such that the flow conditions 
immediately upstream approach those of a fully de- 
veloped profile and are free from swirl (see 7.4). 
Such conditions can be expected to exist if the in- 
stallation conforms to requirements given in this 
clause. 

7.1.4 The primary device stiall be fitted between 
two sections of straight cylindrical pipe of constant 
cross-sectional area, in which there is no ob- 
struction or branch connection (whether or not there 
is flow into or out of such connections during meas- 
urement) other than those specified in this part of 
ISO 5167. 



The pipe is considered as straight when it appears 
so by visual inspection. The required minimum 
straight lengths of pipe, which conform to the de- 
scription above, vary according to the nature of the 
fittings, the type of primary device and the diameter 
ratio. They are specified in tables 1 and 2. 

7.1.5 The pipe bore shall be circular over the entire 
minimum length of straight pipe required. The 
cross-section is taken to be circular if it appears so 
by visual inspection. The circularity of the outside 
of the pipe can be taken as a guide, except in the 
immediate vicinity of the primary device where spe- 
cial requirements shall apply according to the type 
of primary device used (see 7.5.1 and 7.6.1). 

Seamed pipe may be used provided that the internal 
weld bead is parallel to the pipe axis throughout the 
length of the pipe and satisfies the special require- 
ments for the type of primary element. The seam 
shall not be situated in any sector of ± 30° centred 
on any pressure tapping. 

7.1.6 The internal diameter D of the measuring 
pipe shall comply with the values given for each 
type of primary device. 

7.1.7 The inside surface of the measuring pipe 
shall be clean and free from encrustations, pitting 
and deposits, and shall conform with the roughness 
criterion for at least a length of M)D upstream and 
AD downstream of the primary device. 

7.1.8 The pipe may be provided with drain holes 
and/or vent holes for the removal of solid deposits 
and fluids other than the measured fluid. However, 
there shall be no flow through the drain holes and 
vent holes during the measurement of the flow. 

The drain holes and vent holes shall not be located 
near to the primary device, unless it is unavoidable 
to do so. In such a case, the diameter of these holes 
shall be smaller than 0,08/) and their location shall 
be such that the distance, measured on a straight 
line from one of these holes to a pressure tapping 
of the primary device placed on the same side of 
this primary device, is always greater than 0,5O. The 
axial planes of the pipe containing respectively the 
centre-line of a pressure tapping and the centre-line 
of a drain hole or vent hole shall be offset by at least 
30°. 



6) ISO/TR 3313:1974, Measurement of pulsating fluid flow in a pipe by means of orifice plates, nozzles or Venturi tubes, in 
particular in the case of sinusoidal or square wave intermittent periodic-type fluctuations. 
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7.1.9 The pipe and the pipe flanges shaN be lagged. 
It is, however, unnecessary to lag the pipe when the 
temperature of the fluid, between the inlet of the 
minimum straight length of the upstream pipe and 
the outlet of the minimum straight length of the 
downstream pipe, does not exceed any limiting 
value for the accuracy of flow measurement re- 
quired. 

7.2 Minimum upstream and downstream 
straight lengths required for installation 
between various fittings and the primary device 

7.2.1 The minimum straight lengths are given in 
tables 1 and 2. 

The minimum straight lengths specified in table 2 for 
classical Venturi tubes are less than those specified 
in table 1 for orifice plates, nozzles and Venturi noz- 
zles for the following reasons: 

a) they are derived from different experimental re- 
sults and different correlation approaches; 

b) the convergent portion of the classical Venturi 
tube is designed to obtain a more uniform ve- 
locity profile at the throat of the device. Tests 
have shown that with identical diameter ratios, 
the minimum straight lengths upstream of the 
classical Venturi tube may be less than those 
required for orifice plates, nozzles and Venturi 
nozzles. 

7.2.2 The straight lengths given in tables 1 and 2 
are minimum values, and the use of straight lengths 
longer than those indicated is always rec- 
ommended. For research work in particular, straight 
Lengths of at least twice the upstream values given 
in tables 1 and 2 are recommended for "zero addi- 
tional uncertainty" 7 '. 

7.2.3 When the straight lengths are equal to or 
longer than the values given in tables 1 and 2 for 
"zero additional uncertainty" 71 , there is no need to 
add any additional deviation to the discharge coef- 
ficient uncertainty to take account of the effect of 
such installation conditions. 

7.2.4 When the upstream or downstream straight 
length is shorter than the "zero additional uncer- 
tainty" 7 * values and equal to or greater than the 
"0,5 % additional uncertainty" 8 ' values, as given in 
tables 1 and 2, an additional uncertainty of 0,5 % 
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shall be added arithmetically to the uncertainty on 
the discharge coefficient. 

7.2.5 If the straight lengths are shorter than the 
"0,5 % additional uncertainty" 8 ' values given in ta- 
bles 1 and 2, this part of ISO 5167 gives no infor- 
mation by which to predict the value of any 
additional uncertainty to be taken into account; this 
is also the case when the upstream and downstream 
straight lengths are both shorter than the "zero ad- 
ditional uncertainty" 71 values. 

7.2.6 The valves mentioned in tables 1 and 2 shall 
be fully open. It is recommended that control of the 
flow-rate be effected by valves located downstream 
of the primary device. Isolating valves located up- 
stream shall be fully open and shall be preferably 
of the "gate" type. 

7.2.7 After a single change of direction (bend or 
tee), it is recommended that if pairs of single 
tappings are used they be installed so that their 
axes are perpendicular to the plane of the bend or 
tee. 



7.2.8 The values given in tables 1 and 2 were ob- 
tained experimentally with a very long straight 
length upstream of the particular fitting in question 
and so it could be assumed that the flow upstream 
of the disturbance was virtually fully developed and 
swirl-free. Since in practice such conditions are dif- 
ficult to achieve, the following information may be 
used as a guide for normal installation practice. 

a) If the primary device is installed in a pipe leading 
from an upstream open space or large vessel, 
either directly or through 'any fitting, the total 
length of pipe between the open space and the 
primary device shall never be less than 30D 9 '. If 
any fitting is installed, then the straight lengths 
given in table 1 or 2 shall also apply between this 
fitting and the primary device. 

b) If several fittings other than 90° bends 10 ' are 
placed in series upstream from the primary de- 
vice, the following rule shall be applied: between 
the fitting {1) closest to the primary device and 
the primary device itself, there shall be a mini- 
mum straight length such as is indicated for the 
fitting (1) in question and for the actual values of 
/? in table 1 or 2. But, in addition, between this 
fitting (1) and the preceding one (2) there shall 
be a straight length equal to one-half of the value 



7) Values without parentheses in tables 1 and 2. 

8) Values in parentheses in tables 1 and 2. 

9) In the absence of experimental data, it seemed wise to adopt for classical Venturi tubes the conditions required for 
orifice plates and nozzles. 

10) In the case of several 90° bends, refer to tables 1 and 2 which can be applied whatever the length between two con- 
secutive bends. 
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Table 1 — Required straight lengths for orifice plates, nozzles and Venturl nozzles 

Values expressed as multiples of D 
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Table 2 — Required straight lengths for classical Venturl tubes 

Values expressed as multiples of D 



Diameter ratio 
P 



Single 90* 
bend** 



Two or more 

90* bends In the 

same plane' 1 ') 



Two or more 
90* bends In 

different 
planes** *■> 



Reducer 3£> to 

D over a length 

of 3,5/) 



Expander 0,752) 
to Z)over a 
length of/) 



Fun bore ball or 
gate valve Mty 



0,30 
0,35 
0,40 
0,45 
0,50 
0,55 
0,60 
0,65 
0,70 
0,75 



0,5***' 
0,5***' 
0,5***' 
1,0 
1,5 
2,5 
3,0 
4,0 
4,0 
4,5 



(0,5) 
(0,5) 
(0,5) 
(1,0) 
(1,5) 
(2,0) 
(3,0) 



1,5 
1,5 
1,5 
1,5 
2,5 
2,5 
3,5 
4,5 
4,5 
4,5 



(0,5) 
(0,5) 
(0,5) 
(0,5) 
(1,5) 
(1,5) 
(2,5) 
(2,5) 
(2.5) 
(3,5) 



(0,5) 
(0,5) 
(0,5) 
(0,5) 
(8,5) 
(12,5) 
(17,5) 
(23,5) 
(27,5) 
(29,5) 



0,5***» 
1.5 
2,5 
4,5 
5,5 
6,5 
8,5 
9,5 
10,5 
11,5 



(0,5) 
(0,5) 
(0,5) 
(0,5) 
(0,5) 
(0,5) 
(1,5) 
(2,5) 
(3,5) 



1.5 
1.5 
1.5 
2,5 
2,5 
3,5 
3,5 
4,5 
5,5 
6,5 



(0.5) 
(0.5) 
(0.5) 
(D 
(1,5) 
(1.5) 
(1.5) 
(2,5) 
(3,5) 
(4,5) 



1,5 
2,5 
2,5 
3,5 
3,5 
4,5 
4.5 
4,5 
5,5 
5,5 



(0.5) 
(0,5) 
(1,5) 
(1.5) 
(1.5) 
(2,5) 
(2.5) 
(2,5) 
(3.5) 
(3,5) 



*' The radius of curvature of the bend shall be greater than or equal to the pipe diameter. 
**' As the effect of these fittings may still be present after 40D, no values without parentheses can be given. 

***> Since no fitting can be placed closer than 0,5/) to the upstream pressure tapping In the Venturl tube, the "zero additional uncer- 
tainty" values are the only ones applicable In this case. 



NOTES 

1 The minimum straight lengths required are the lengths between various fittings located upstream of the classical Venturl tube and 
the classical Venturl tube itself. All straight lengths shall be measured from the upstream pressure tapping plane of the classical 
Venturl tube. The pipe roughness, at least over the length Indicated in this table, shall not exceed that of a smooth, commercially 
available pipe (approximately k\D < 10 s ), 

2 Values without parentheses are "zero additional uncertainty" values (see 7.2.3). 

3 Values In parentheses are "0,5 % additional uncertainty" values (see 7.2,4). 

4 For downstream straight lengths, fittings or other disturbances (as Indicated in this table) situated at least four throat diameters 
downstream of the throat pressure tapping plane do not affect the accuracy of the measurement. 



given in table 1 or 2 for fitting (2) for a primary 
device of diameter ratio fi = 0,7 whatever the 
actual value of /? may be. This requirement does 
not apply when the fitting (2) is an abrupt sym- 
metrical reduction, the case of which is covered 
by a) above. 

If one of the minimum straight lengths so 
adopted appears in parentheses, a 0,5 % addi- 
tional uncertainty shall be added arithmetically 
to the discharge coefficient uncertainty. 



7.3 Flow conditioners 

The use of flow conditioners of the types described 
in 7.3.2 and shown in figures 1 to 3 is recommended 
to permit the installation of primary devices down- 
stream of fittings not included in table 1 or 2. When 
a large diameter ratio primary device is to be used, 
the inclusion of such devices sometimes permits the 
use of shorter installation lengths upstream of the 
primary device than are given in table 1. 

When installed as described in 7.3.1, the use of a 
flow conditioner does not introduce any additional 
uncertainty in the discharge coefficient. 



7.3.1 Installation 

Any flow conditioner used shall be installed in the 
upstream straight length between the primary de- 



vice and the disturbance or fitting closest to the pri- 
mary device. Unless it can be verified that the flow 
conditions at the inlet of the primary device conform 
with the requirements of 7.1.3, the straight length 
between this fitting and the conditioner itself shall 
be equal to at least 20D, and the straight length be- 
tween the conditioner and the primary device shall 
be equal to at least 22/>. These lengths are meas- 
ured from the upstream face and the downstream 
face respectively of the conditioner. Conditioners 
are only fully effective if their installation is such that 
the smallest possible gaps are left around the 
resistive elements of the device, therefore permit- 
ting no by-pass flows which would prevent their 
proper functioning. 

When correctly built conditioners are used with the 
pipe length combinations described above, they can 
be used in conjunction with any entrance velocity 
profile. 



7.3.2 Types of flow conditioners 

The five standardized types of flow conditioners are 
shown in figures 1 to 3. The choice of a conditioner 
is dependent on the nature of the velocity distri- 
bution which has to be corrected and on the press- 
ure loss which can be tolerated. The devices 
described below create a pressure loss of approxi- 
mately 
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for type A: 

for type B with inlet bevel: 

for type B without inlet bevel: 

for type C: 

for type D: 

for type E: 



50,0,72 

1W7?/2 

5«,t/?/2 

0,25 et £/?/2 

0,25*?, tf?/2 



For types A, B and C, the pressure loss may vary 
as a function of the ratio of the area of the holes to 
the total area. 



7.3.2.1 Type A: "Zanker" conditioner 

The "Zanker" conditioner consists of a perforated 
plate with holes of certain specified sizes followed 
by a number of channels (one for each hole) formed 
by the intersection of a number of plates (see 
figure 1). 



■ fie various piates shall be as thin as possible but 
shall provide adequate strength. 

7.3.2.2 Type B: "Sprenkle" conditioner 

The "Sprenkle" conditioner consists of three perfor- 
ated plates in series with a length equal to one pipe 
diameter between successive plates. The perfor- 
ations shall preferably be chamfered on the up- 
stream side, and the/ total area of the holes in each 
plate shall be greater than 40 % of the cross- 
sectional area of the pipe. The ratio of plate thick- 
ness to hole diameter shall be at least 1 and the 
diameter of the holes shall be less than or equal to 
0,05/). (See figure 2.) 

The three plates shall be held together by bars or 
studs, which shall be located around the periphery 
of the pipe bore, and which shall be of as small a 
diameter as possible but shall provide the required 
strength. 




Figure 1 — Type A "Zanker" conditioner 
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7.3.2.3 Type C: Tube bundle conditioner 

The tube bundle conditioner consists of a bundle of 
parallel and tangential tubes fixed together and held 
rigidly in the pipe (see figure 2). It is important to 
ensure that the various tubes are parallel with each 
other and with the pipe axis since, if this require- 
ment is not complied with, the conditioner itself 
might introduce disturbances in the flow. 

There shall be at least 19 tubes. Their length shall 
be greater than or equal to 10</. The tubes shall be 
joined together and the bundle shall rest against the 
pipe. 



7.3.2.4 Type D: AMCA stralghtener 

The AMCA straightener consists of a honeycomb 
with square meshes the dimensions of which are 
shown on figure 3. The vanes shall be as thin as 
possible but shall provide adequate strength. 

7.3.2.5 Type E: •^telle" straightener 

The "etoile" straightener consists of eight radial 
vanes at equal angular spacing with a length equal 
to twice the diameter of the pipe {see figure 3). The 
vanes shall be as thin as possible but shall provide 
adequate strength. 



~;3E 



3E 



J "T 1 



3E 



E3E 



■y 



>■ 



3{=IE- 



>■ 



e> d 



?- o 




Perforated plates 




d< 0,05/? 



Row direction 
NOTE - In order to decrease the pressure loss the entrance of the holes may be bevelled at 45*. 
Type B> "Sprenkle" conditioner 

A-A 





Type G Tube bundle conditioner 
Figure 2 — Type B and type C conditioners 
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0.4517 



Type Dt AMCA strafghtener 




Type Et EtoAe etratghtener 
Figure 3 — Type D and type E stralghteners 



7.4 General requirements for flow conditions 
at the primary device 



7.5 Additional specific Installation 
requirements for orifice plates, nozzles and 
Venturi nozzles 



If the specified installation conditions given in tables 
1 and 2 or in 7.3 cannot be met this part of ISO 5167 
still remains valid if the flow conditions immediately 
upstream of the primary device conform to 7.1.3. 

Swirl-free conditions can be taken to exist when the 
swirl angle over the pipe is less than 2°. 

Acceptable velocity profile conditions can be pre- 
sumed to exist when, at each point across the pipe 
cross-section, the ratio of the local axial velocity to 
the maximum axial velocity at the cross-section 
agrees to within 5 % with that which would be 
achieved in swirl-free flow at the same radial pos- 
ition at a cross-section located at the end of a very 
long straight length (over 100Z>) of similar pipe (fully 
developed flow). 



7.5.1 Circularity of the pipe 

In the immediate vicinity of the primary device the 
following requirements shall apply. 

7.5.1.1 The length of the upstream pipe section ad- 
jacent to the primary device (or to the carrier ring if 
there is one) shall be at least 2D and cylindrical. The 
pipe is said to be cylindrical when no diameter in 
any plane differs by more than 0,3 % from the mean 
value of D obtained from the measurements speci- 
fied in 7.5.1.2. 

7.5.1.2 The value for the pipe diameter D shall be 
the mean of the internal diameters over a length of 
0,5O upstream of the upstream pressure tapping. 
The internal mean diameter shall be the arithmetic 
mean of measurements of at least twelve diameters, 
namely four diameters positioned at approximately 
equal angles to each other, distributed in each of at 
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least three cross-sections evenly distributed over a 
length of 0,5D, two of these sections being at dis- 
tance and 0,5D from the upstream tapping and one 
being in the plane of the weld in the case of a 
weld-neck construction. If there is a carrier ring 
[see figure 6a)] this value of 0,5/) shall be measured 
from the upstream edge oTthe carrier ring. 

7.5.1.3 Beyond 2D from the primary device, the 
upstream pipe run between the primary device and 
the first upstream fitting or disturbance may be 
made up of one or more sections of pipe. 

No additional uncertainty in the discharge coefficient 
is involved provided that the diameter step between 
any two sections does not exceed 0,3 % of the mean 
value of D obtained from the measurements speci- 
fied in 7.5.1.2. 

7.5.1.4 Aii additional uncertainty of 0,2 % shall be 
added arithmetically to the uncertainty for the dis- 
charge coefficient if the diameter step AD between 
any two sections exceeds the limits given in 7.5.1.3, 
but complies with the following relationships: 



and 



AD 
D 



AD 
D 



< 0,002 



D 



+ 0,4 



0,1 + 2,3/T 



<0,05 



where s is the distance of the step from the up- 
stream pressure tapping or carrier ring. 

7.5.1.5 If a step is greater than any one of the limits 
given in the inequalities above, the installation is not 
in accordance with this part of ISO 5167. 

7.5.1.6 No diameter of the downstream straight 
length, considered along a length of at least 20 from 
the upstream face of the primary device, shall differ 
from the mean diameter of the upstream straight 
length by more than 3 %. This can be judged by 
checking a single diameter of the downstream 
straight length. 

This requirement is not valid for Venturi tubes, 
which may be truncated and to which the require- 
ments of 7.6.1.3 apply. 



7.5.2 Location of primary device and carrier rings 

7.5.2.1 The primary device shall be placed in the 
pipe in such a way that the fluid flows from the up- 
stream face towards the downstream face. 

7.5.2.2 The primary device shall be perpendicular 
to the centre-line of the pipe to within 1°. 

7.5.2.3 The primary device shall be centred in the 
pipe or, if applicable, in the carrier rings. The dis- 
tance e x between the centre-line of the orifice and 
the centre-lines of the pipe on the upstream and 
downstream sides shall be less than or equal to 

0,002 5D 



0,1+2,3/ 



0,002 5D 
0,1 + 2,3/ 



<e v < 



0,005D 
0,1 + 2,3/ 



an additional uncertainty of 0,3 % shall be added 
arithmetically to the uncertainty on the discharge 
coefficient C. 

In the case where 
0.005D 



€ v > 



0,1+2,3/ 

this part of ISO 5167 gives no information by which 
to predict the value of any additional uncertainty to 
be taken into account. 



7.5.2.4 When carrier rings are used, they shall be 
centred such that they do not protrude into the pipe 
at any point. 

7.5.3 Method of fixing and gaskets 

7.5.3.1 The method of fixing and tightening shall be 
such that once the primary device has been in- 
stalled in the proper position, it remains so. 

It is necessary, when holding the primary device 
between flanges, to allow for its free thermal ex- 
pansion and to avoid buckling and distortion. 
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7.5.3.2 Gaskets or sealing rings shall be made and 
inserted fn such a way that they do not protrude at 
any point inside the pipe or across the pressure 
tappings or slots when corner tappings are used. 
They shall be as thin as possible, with due con- 
sideration taken in maintaining the relationship as 
defined in 8.2 for orifice plates. 

7.5.3.3 If gaskets are used between the primary 
device and the annular chamber rings, they shall not 
protrude inside the annular chamber. 

7.6 Additional specific Installation 
requirements for classical Venturl tubes 

7.6.1 Circularity of the pipe 

In the immediate vicinity of the classical Venturi 
tube, the following requirements shall apply. 

7.6.1.1 Over an upstream length of at least 2D 
measured from the upstream end of the entrance 
cylinder of the Venturi tube, the pipe shall be cylin- 
drical. 

7.6.1.2 The mean diameter of the pipe where it 
joins the classical Venturi tube shall be within 1 % 
of the classical Venturi tube entrance cylinder di- 
ameter D, as defined in 10.1.2.1. Moreover, no single 
diameter of this inlet pipe section shall differ from 
the mean of the measured diameters by more than 
2 % for a distance of two pipe diameters upstream 
of the classical Venturi tube. 

7.6.1.3 The diameter of the pipe immediately 
downstream of the Venturi tube need not be meas- 
ured accurately but it shall be checked that the 
downstream pipe diameter is not less than 90 % of 
the diameter at the end of the Venturi tube divergent 
section. This means that, in most cases, pipes hav- 
ing the same nominal bore as that of the Venturi 
tube can be used. 

7.6.2 Roughness of the upstream pipe 

The upstream pipe shall have a relative roughness 
of k\D < 10" 3 on a length at least equal to 2D 
measured upstream from the classical Venturi tube. 

7.6.3 Alignment of the classical Venturi tube 

The offset or distance between the centre-lines of 
the upstream pipe and of the Venturi tube, as 
measured in the connecting plane of the upstream 
pipe and entrance cylinder A (see 10.1.2), shall be 
less than 0.005Z). The angular alignment uncertainty 
of the Venturi tube centre-line with respect to the 
upstream pipe centre-line shall be less than 1°. 
Finally the sum of the offset and half the diameter 
deviation {see 7.6.1.2) shall be less than 0,007 5D. 



8 Orifice plates 

The various types of standard orifice plates are 
similar and therefore only a single description is 
needed. Each type of standard orifice plate is 
characterized by the arrangement of the pressure 
tappings. 

All types of orifice plates shall conform with the fol- 
lowing description under working conditions. 

Limits of use are given in 8.3.1. 



8.1 Description 

The axial plane cross-section of a standard orifice 
plate is shown in figure 4. 

The letters given in the following text refer to the 
corresponding references in figure 4. 

8.1.1 General shape 

8.1.1,1 The part of the plate inside the pipe shall 
be circular and concentric with the pipe centre-line. 
The faces of the plate shall always be flat and par- 
allel. 



Thickness £ of the plate 



Upstream face A 



i 




Vs. 



Upstream _y /y 
eda«6 Z 



I 




Downstream face B 



%\ 






Thickness e of the ortf Ice 



Axial centre-line 



Direction of flow 

Downstream edges K and I 



I 



Figure 4 — Standard orifice plate 
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-€.1.1.2 Unless otherwise stated, the following re- 
quirements apply only to that part of the plate lo- 
cated within the pipe, 

8.1.1.3 Care shall be taken in the design of the 
orifice plate and its installation to ensure that plastic 
buckling and elastic deformation of the plate, due to 
the magnitude of the differential pressure or of any 
other stress, do not cause the slope of the straight 
line defined in 8.1.2.1 to exceed 1 % under working 
conditions. 

8.1.2 Upstream face A 

8.1.2.1 The upstream face A of the plate shall be 
flat when the plate is installed in the pipe with zero 
differential pressure across it. Provided that it can 
be shown that the method of mounting does not 
distort the plate, this flatness may be measured with 
the plate removed from the pipe. Under these cir- 
cumstances the plate may be considered to be flat 
if the slope of a straight line connecting any two 
points of its surface in relation to a plane perpen- 
dicular to the centre-line of the orifice plate bore is 
less than 0,5 %. This criterion ignores the inevitable 
local defects of the surface which are invisible to the 
naked eye. 

8.1.2.2 The upstream face of the orifice plate shall 
have a roughness criterion R 9 < 10 _4 t/ within a cir- 
cle of diameter not less than Z> and which is con- 
centric with the orifice bore. If in the working 
conditions the plate does not fulfill the specified 
conditions, it shall be repolished or cleaned to a di- 
ameter of at least D. 

8.1.2.3 It is useful to provide a distinctive mark 
which is visible even when the orifice plate is in- 
stalled to show that the upstream face of the orifice 
plate is correctly installed relative to the direction 
of flow. 

8.1.3 Downstream face B 

8.1.3.1 The downstream face B shall be flat and 
parallel with the upstream face. (See also 8.1.4.4.) 

8.1.3.2 Although it may be convenient to manufac- 
ture the orifice plate with the same surface finish on 
each face, it is unnecessary to provide the same 
high quality finish for the downstream face as for the 
upstream face {but see 8.1.8). 

8.1.3.3 The flatness and surface condition of the 
downstream face may be judged by visual in- 
spection. 



8.1.4 Thicknesses E and e 

8.1.4.1 The thickness e of the orifice shall be be- 
tween 0,005/) and 0,020. 

8.1.4.2 The difference between the values of e 
measured at any point on the orifice shall not be 
greater than 0,001 D. 

8.1.4.3 The thickness E of the plate shall be be- 
tween e and 0,05A>. 

However, when 50 mm < D < 64 mm, a thickness E 
up to 3,2 mm is acceptable. 

8.1.4.4 The difference between the values of E 
measured at any point of the plate shall not be 
greater than 0,0017). 

8.1.5 Angle of bevel F 

8.1.5.1 If the thickness E of the plate exceeds the 
thickness e of the orifice, the plate shall be bevelled 
on the downstream side. The bevelled surface shall 
be well finished. (See 8.1.2.2.) 

8.1.5.2 The angle of bevel F shall be 45° + 15°. 

8.1.6 Edges G, H and I 

8.1.6.1 The upstream edge G shall not have wire- 
edges, burrs, or any peculiarities visible to the na- 
ked eye. 

8.1.6.2 The upstream edge G shall be sharp. It is 
considered so if the edge radius is not greater than 
0,000 Ad. 

This requirement cannot be met unless the edge 
complies with the requirements of 8.1.6.1. 

If </>25mm this requirement can generally be 
considered as satisfied by visual inspection, by 
checking that the edge does not seem to reflect a 
beam of light when viewed with the naked eye. 

If d< 25 mm visual inspection is not sufficient. 

If there is any doubt as to whether this requirement 
is met, the edge radius shall be measured. 

8.1.6.3 The downstream edges H and I are within 
the separated flow region and hence the require- 
ments for their quality are less stringent than those 
for edge G. This being the case, small defects are 
acceptable. 
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8.1.7 Diameter of orifice d 

8.1.7.1 The diameter d shall in all cases be greater 
than or equal to 12,5 mm. The diameter ratio 
/? = d\D is always greater than or equal to 0,20 and 
less than or equal to 0,75. 

Within these limits, the value of ft may be chosen by 
the user. 

8.1.7.2 The value d of the diameter of the orifice 
shall be taken as the mean of the measurements of 
at least four diameters at approximately equal an- 
gles to each other. 

8.1.7.3 The orifice shall be cylindrical, and perpen- 
dicular to the upstream face. 

No diameter shall differ by more than 0,05 % from 
the value of the mean diameter. This requirement is 
deemed to be satisfied when the difference in the 
length of any of the measured diameters complies 
with the said requirement in respect of the mean of 
the measured diameters. In all cases the roughness 
of the orifice bore cylindrical section shall not be 
such that it affects the edge sharpness measure- 
ment. 

8.1.8 Symmetrical plates 

8.1.8.1 If the orifice plate is intended to be used for 
measuring reverse flows the following requirements 
shall be fulfilled: 

a) the plate shall not be bevelled; 

b) the two faces shall comply with the specifications 
for the upstream face given in 8.1.2; 

c) the thickness E of the plate shall be equal to the 
thickness e of the orifice specified in 8.1.4; con- 
sequently it may be necessary to limit the differ- 
ential pressure to prevent plate distortion (see 
8.1.1.3); 

d) the two edges of the orifice shall comply with the 
specifications for the upstream edge specified in 
8.1.6. 

8.1.8.2 Furthermore, for orifice plates with D and 
D/2 tappings {see 8.2), two sets of upstream and 
downstream pressure taps shall be provided and 
used according to the direction of the flow. 

8.1.9 Material and manufacture 

The plate may be manufactured from any material 
and in any way, provided that it is and remains in 
accordance with the foregoing description during 
the flow measurements. 



In particular, the plate shall be clean when the 
measurements are made. 

8.2 Pressure tappings 

For each primary device, at least one upstream 
pressure tapping and one downstream pressure 
tapping shall be installed in one or other of the 
standard locations. 

A single orifice plate may be used with several sets 
of pressure tappings suitable for different types of 
standard orifice plates, but to avoid mutual inter- 
ference, several tappings on the same side of the 
orifice plate shall not be in the same axial plane. 

The location of the pressure tappings characterizes 
the type of standard orifice plate. 

8.2.1 Details of pressure tappings for D and Z)/2 tap 
orifice plates and flange tap orifice plates 

8.2.1.1 The spacing / of a pressure tapping is the 
distance between the centre-lino of the pressure 
tapping and the plane of a specified face of the 
orifice plate. When installing the pressure tappings, 
due account shall be taken of the thickness of the 
gaskets and/or sealing material. 

8.2.1.2 For orifice plates with D and D/2 tappings 
(see figure 5), the spacing /, of the upstream press- 
ure tapping is nominally equal to D, but may be be- 
tween 0.9D and 1.1D without altering the discharge 
coefficient. 

The spacing l 2 of the downstream pressure tapping 
is nominally equal to 0,5D but may be between the 
following values without altering the discharge co- 
efficient: 

between 0.48D and 0,52D when < 0,6 

between 0,49/> and 0,510 when > 0,6 

Both /, and l 2 spacfngs are measured from the up- 
stream face of the orifice plate. 

8.2.1.3 For orifice plates with flange tappings (see 
figure 5), the spacing /, of the upstream pressure 
tapping is nominally 25,4 mm and is measured from 
the upstream face of the orifice plate. 

The spacing F 2 of the downstream pressure tapping 
is nominally 25,4 mm and is measured from the 
downstream face of the orifice plate. 

These upstream and downstream spacings /, and 
f t may be within the following ranges without alter- 
ing the discharge coefficient: 



25,4 mm + 0,5 mm 
D< 150 mm 



when 



p > 0,6 and 
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25,4 mm ± 1 mm in all other cases, i.e. /? < 0,6 
or /? > 0,6 but 150 mm < D < 1 000 mm 

8.2.1.4 The centre-line of the tapping shall meet the 
pipe centre-line and be at an angle of 90° to it. 

8.2.1.5 At the point of break-through the hole shall 
be circular. The edges shall be flush with the 
internal surface of the pipe wall and as sharp as 
possible. To ensure the elimination of all burrs or 
wire edges at the inner edge, rounding is permitted 
but shall be kept as small as possible and, where it 
can be measured, its radius shall be less than one- 
tenth of the pressure tapping diameter. No irregu- 
larity shall appear inside the connecting hole, on the 
edges of the hole drilled in the pipe wall, or on the 
pipe wall close to the pressure tapping. 



8.2.1.6 Conformity of the pressure tappings with the 
requirements specified in 8.2.1.4 and U.2.1.5 may be 
judged by visual inspection. 

8.2.1.7 The diameter of pressure tappings shall be 
less than 0,13O and less than 13 mm. 

No restriction is placed on the minimum diameter, 
which is determined in practice by the need to pre- 
vent accidental blockage and to give satisfactory 



dynamic performance. The upstream and down- 
stream tappings shall have the same diameter. 

8.2.1.8 The pressure tappings shall be circular and 
cylindrical over a length of at least 2,5 times the 
internal diameter of the tapping, measured from the 
inner wall of the pipeline. 

8.2.1.9 The centre-lines of the pressure tappings 
may be located in any axial plane of the pipeline 
(see also 3.1.3 and 7.2.7). 

8.2.1.10 The axis of 1he upstream tapping and that 
of the downstream tapping may be located in differ- 
ent axial planes (see also 3.1.3 and 7.2.7). 

8.2.2 Orifice plate with corner tappings (see 
figure 6) 

8.2.2.1 The spacing between the centre-lines of the 
tappings and the respective faces of the plate is 
equal to half the diameter or to half the width of the 
tappings themselves, so that the tapping holes 
break through the wall flush with the faces of the 
plate (see also 8.2.2.5). 

8.2.2.2 The pressure tappings may be either single 
tappings or annular slots. Both types of tappings 
may be located either in the pipe or its flanges or in 
carrier rings as shown in figure 6. 



'1 l 2 



ii n 



Direction of flow 



Ql 



and 0/2 pressure tappings 



"^D 



^3 



w 



f 1 



r 2 ™> 



Flange tappings 



•) /i - * 0.1 



•*) ( 2 



•••)ii-l 



{0.50 * 0. 
0,5 * 0. 

f(25,4 * 0.! 

2--{<2S.4±1) 

1(25.* ±D 



020 for ft < 0.6 
01 D for 0> 0.6 



,5) mm tor ft :>0.6 and < 150 mm 
mm f or ft < 0,6 
mm for ft > 0,6 and 150 mm < 0<1 000 mm 



Figure 5 — Spacing of pressure tappings for orifice plates with D and />/2 pressure tappings or flange tappings 
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Pressure tappings 



a) Carrier ring 
with annular slot 



W Individual tappings 



Axial centre-line 




Carrier ring 



f i Thickness of the slot 
c t Length of the upstream ring 
c't Length of the downstream ring 
b • Diameter of the carrier ring 
a i Width of the annular slot or 

diameter of single tapping 
s t Distance from upstream step 

to carrier ring 



Figure 8 — Corner tappings 



8.2.2.3 The diameter a of a single tapping and the 
width a of annular slots are specified below. The 
minimum diameter is determined in practice by the 
need to prevent accidental blockage and to give 
satisfactory dynamic performance. 

For clean fluids and vapours: 

for < 0,65: 0,0050 < a< 0,030 

for /? > 0,65: 0,01 D <a< 0.02D 
For any value of 0: 

for clean fluids: 1 mm < a < 10 mm 

for vapours, in the case of annular chambers: 
1 mm < a< 10 mm 

for vapours and for liquefied gases, in the case 
of single tappings: 4 mm < a < 10 mm 



8.2.2.4 The annular slots usually break through the 
pipe over the entire perimeter, with no break in 
continuity. If not, each annular chamber shall con- 
nect with the inside of the pipe by at least four 
openings, the axes of which are at equal angles to 
one another and the individual opening area of 
which is at least 12 mm 2 . 

8.2.2.5 If individual pressure tappings, as shown in 
figure 6b), are used, the centre-line of the tappings 
shall meet the centre-line of the pipe at as near an 
angle of 90° as possible. 

If there are several individual pressure tappings in 
the same upstream or downstream plane, their 
centre-lines shall form equal angles with each other. 
The diameters of individual pressure tappings are 
specified in 8.2.2.3. 

The pressure tappings shall be circular and cylin- 
drical over a length of at least 2,5 times the internal 
diameter of the tappings, measured from the inner 
wall of the pipeline. 
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8.2.2.6 The internal diameter b of the carrier rings 
shall be greater than or equal to the diameter D of 
the pipe, to ensure that they do not protrude into the 
pipe, but shall be less than or equal to 1.04D. 
Moreover, the following condition shall be met: 

D V O.1+2.30 4 

The lengths c and c' of the upstream and down- 
stream rings (see figure 6) shall not be greater than 
0,5D. 

The thickness /of the slot shall be greater than or 
equal to twice the width a of the annular slot. The 
area of the cross-section of the annular chamber, 
gh, shall be greater than or equal to half the total 
area of the opening connecting this chamber to the 
inside of the pipe. 

8.2.2.7 All surfaces of the ring which are in contact 
with the measured fluid shall be clean and shall 
have a well-machined finish. 



8.2.2.8 The pressure tappings connecting the 
annular chambers to the secondary devices are 
pipe-wait tappings, circular at the point of break- 
through and with a diameter j between 4 mm and 
10 mm (see 8.2.1.5). 

8.2.2.9 The upstream and downstream carrier rings 
need not necessarily be symmetrical in relation to 
each other, but they shall both conform with the 
preceding requirements. 

8.2.2.10 The diameter of the pipe shall be meas- 
ured as specified in 7.5.1.2, the carrier ring being 
regarded as part of the primary device. This also 
applies to the distance requirement given in 7.5.1.4 
so that s shall be measured from the upstream edge 
of the recess formed by the carrier ring. 



8.3 Coefficients and corresponding 
uncertainties of orifice plates 

8.3.1 Limits of use 

Standard orifice plates shall only be used in ac- 
cordance with this part of ISO 5167 under the fol- 
lowing conditions. 



For orifice plates with corner tappings: 
d> 12,5 mm 
50 mm < D < 1 000 mm 
0,2 < < 0,75 
Re D > 5 000 for 0,2 < < 0,45 

Re D > 10 000 for /? > 0,45 

For orifice plates with flange tappings or with D and 
D/2 pressure tappings: 

d> 12,5 mm 

50 mm < D < 1 000 mm 

0,2 </?< 0,75 

Re D > 1 260/? 2 /) 

where D is expressed in millimetres. 

In addition, the relative roughness shall conform 
with the values in table 3. 

The value of the uniform equivalent roughness, k, 
expressed in length units, depends on several fac- 
tors such as height, distribution, angularity and 
other geometric aspects of the roughness elements 
of the pipe wail. 

A full-scale pressure loss test of a sample length of 
the particular pipe should be carried out to deter- 
mine the value of k. 

However, approximate values of k for different ma- 
terials can be obtained from the various tables given 
in reference literature, and table E.1 gives values of 
k for a variety of materials, as derived from the 
Colebrook formula. 

Most of the experiments on which the values of C 
given in this part of ISO 5167 are based were carried 
out in pipes with a relative roughness 

k}D< 3,8x10~ 4 

as regards corner tappings, or 
kjlX 10x10" 4 

as regards flange tappings or D and D/2 pressure 
tappings. 



Table 3 — Upper limits of relative roughness of the upstream pipeline for orifice plates 



-fi 


<0,3 


0,32 


0,34 


0,36 


0,38 


0,4 


0,45 


0,5 


0,6 


0,75 


10 4 */Z) 


25 


18,1 


12,9 


10,0 


8,3 


7,1 


5,6 


4,9 


4,2 


4,0 
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Pipes with higher relative roughness may be used 
if the relative roughness is within the limits given 
above for at least 10D upstream of the orifice plate. 

8.3.2 Coefficients 

8.3.2.1 Discharge coefficient, C 

The discharge coefficient, C, is given by the Stolz 
equation: 

C= 0,595 9 + 0,031 2/? 2 * - 0,184 Ojff 8 + 



+ 0,002 90 




0,75 



+ 



+ 0,090 OL,0 4 (1 - A y T - 0,033 HJ 2 f 

where 

is the diameter ratio; 



Re D 



is the Reynolds number related to 
D, 

is the quotient of the distance of the 
upstream tapping from the up- 
stream face of the plate and the 
pipe diameter; 



V 2 - ?2lD is the quotient of the distance of the 
downstream tapping from the 
downstream face of the plate, and 
the pipe diameter. (L' 2 denotes the 
reference of the downstream spac- 
ing from the downstream face, 
while L% would denote the refer- 
ence of the downstream spacing 
from the upstream face.) 

NOTE 6 When U S* 0,039 0/0,090 ( = 0,433 3), take 
0,039 as the value of the coefficient of /?*(l - f) \ 

The values of L, and U 2 to be used in this equation, 
when the spacings are in accordance with the re- 
quirements of 8.2.1.5, 8.2.1.3 or 8.2.2, are as follows: 

— for corner tappings: 

L, = u 2 = 

— for D and D/2 tappings: 

L, = 1 
L' 2 = 0,47 



[since L s is always greater than or equal to 
0,433 3, the value 0,039 shall be used for the 
coefficient of fi{\ - /? 4 )~ 1 ] 

— for flange tappings: 



Li = U, 



25,4 



1--2 D 

where D is expressed in millimetres. 

In pipelines with D < 58,62 mm, L t > 0,433 3 and the 
value 0,039 will be used for the coefficient of 

The Stolz equation is only valid for the tapping ar- 
rangements defined in 8.2.1 or 8.2.2. In particular, it 
is not permitted to enter into the equation pairs of 
values of L x and U 2 which do not match one of the 
three standardized tapping arrangements. 

This formula, as well as the uncertainties given in 
8.3.3, is only valid when the measurement meets all 
the limits of use specified in 8.3.1 and the general 
installation requirements specified in clause 7. 

Values of C as a function of /?, Re D and D are given 
for convenience in tables A.1 to A.11. These values 
are not intended for precise interpolation. Extrapo- 
lation is not permitted. 

8.3.2.2 Expansibility [expansion] factor, c t 

For the three types of tapping arrangement, the 
empirical formula for computing the expansibility 
[expansion] factor, e,, is as follows: 



El = 1-(0,41+0,35/? 4 ) 






This formula is applicable only within the range of 
the limits of use specified in 8.3.1, 

Test results for the determination of e^ are only 
known for air, steam and natural gas. However, 
there is no known objection to using the same for- 
mula for other gases and vapours the isentropic ex- 
ponent of which is known. 



Meanwhile, 
PzlPi > 0,75. 



the formula is applicable only if 



Values of the expansibility [expansion] factor as a 
function of the isentropic exponent, the pressure ra- 
tio and the diameter ratio are given for convenience 
in table A. 14. These values are not intended for pre- 
cise interpolation. Extrapolation is not permitted. 
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Note that 
H 



=«V^¥ 



8.3.3 Uncertainties 

8.3.3.1 Uncertainty of discharge coefficient C 

For alt three types of tappings, when /?, D, Re D and 
k\D are assumed to be known without error, the 
relative uncertainty of the value of C is equal to 

0,6 % for fi < 0,6 

/? % for 0,6 < /? < 0,75 

8.3.3.2 Uncertainty of expansibility [expansion] 



factor e 



When /?, Ap/p, and k are assumed to be known 
without error, the relative uncertainty, in per cent, 
of the value of ei is equal to 

4-^ 
Pi 

8.4 Pressure loss, aw 

8.4.1 The pressure loss, Ato, for the orifice plates 
described in this part of ISO 5167 is approximately 
related to the differential pressure A/j by the 
equation 



AtC7 = 



yi-/? 4 -g? : 

Vi-/? 4 +<T 



4p 



This pressure loss is the difference in static press- 
ure between the pressure measured at the wail on 
the upstream side of the primary device at a section 
where the influence of the approach impact press- 
ure adjacent to the plate is still negligible (approxi- 
mately D upstream of the primary device) and that 
measured on the downstream side ofihe primary 
device where the static pressure recovery by ex- 
pansion of the jet may be considered as just com- 
pleted (approximately 6D downstream of the 
primary device). 

8.4.2 For orifice plates, another approximate value 
of AwfAp is 



Ap 



= 1-0 



1.9 



9 Nozzles 

There are two types of standard nozzle, 



— the ISA 1932 nozzle, and 

— the long radius nozzle, 

which are different and are described separately. 
Limits of use are given in 9.1.6.1 and 9.2.6.1. 

9.1 ISA t932 nozzle 

Figure 7 shows the cross-section of an ISA 1932 
nozzle at a plane passing through the centre-line of 
the throat. 

The letters in the following text refer to those shown 
on figure 7. 

9.1.1 General shape 

The part of the nozzle inside the pipe is circular. The 
nozzle consists of a convergent section, of rounded 
profile, and a cylindrical throat. 

9.1.2 Nozzle profile 

9.1.2.1 The profile of the nozzle may be charac- 
terized by distinguishing 

— a flat inlet part A, perpendicular to the centre- 
line, 

— a convergent section defined by two arcs of cir- 
cumference B and C, 

— a cylindrical throat E, and 

— a recess F which is required only if damage to 
the edge f is feared. 

9.1.2.2 The flat inlet part A is limited by a circum- 
ference centred on the axis of revolution, with a di- 
ameter of i,5d, and by the inside circumference of 
the pipe, of diameter D. 

When d = 2DI3 t the radial width of this flat part is 
zero. 

When d is greater than 2/)/3, the upstream face of 
the nozzle does not include a flat inlet part within the 
pipe. In this case, the nozzle is manufactured as if 
D is greater than ^ i 5d and the inlet flat part is then 
faced off so that the largest diameter of the conver- 
gent profile is just equal to D [see 9.1.2.7 and 
figure 7b)]. 

9.1.2.3 The arc of circumference B is tangential to 
the flat inlet part A when d<2D\2 while its radius 
R y is equal to 0,2</ ± 10 % for /? < 0,5 and to 0,2«/ ± 
3 % for /? > 0,5. Its centre is at 0,2rf from the inlet 
plane and at 0,75rf from the axial centre-line. 
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Portion to 
be cut off 





1 /SJ/JS/JAx 



See 9.12.7 



0,604 1 d 



Flow direction 




a) e* < y 



b) d. 



r?i_...... -r 



9.1.2.4 The arc of circumference C is tangential to 
the arc of circumference B and to the throat E. Its 
radius R 2 is equal to d}3 ± 10 % for /? < 0,5 and to 
rf/3 ± 3 % for fi > 0,5. Its centre is at 
dj2 + df3 = SdfB from the axial centre-line and at 

12 + 739" 

v d = 0,304 \d 



a — 



60 



from the flat inlet part A. 



9.1.2.5 The throat E has a diameter d and a length 
6 = 0,3rf. 

The value d of the diameter of the throat shall be 
taken as the mean of the measurements of at least 
four diameters distributed in axial planes and at 
approximately equal angles to each other. 



The throat shall be cylindrical. No diameter of any 
cross-section shall differ by more than 0,05 % from 
the value of the mean diameter. This requirement is 
considered to be satisfied when the deviations in the 
length of any of the measured diameters comply 
with the said requirement in respect of deviation 
from the mean. 

9.1.2.6 The recess F has a diameter c equal to at 
least 1,06rfand a length less than or equal to 0,03</. 

Tho rattrt r\f tha h^inht ( ** ^ s/WO r\i \\\£± m/'ACr kr\ lie 

axial length shall not be greater than 1,2. 
The outlet edge f shall be sharp. 

9.1.2.7 The total length of the nozzle, excluding the 
recess F, is 0,604 \d when d is less than or equal to 
2Z>/3 and is shorter, due to the iniet profile, if d is 
greater than 2/)/3. 
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The total length of the nozzle, excluding the recess, 
as a function of fi Is equal to 



0,604 Vd for 0,3 < /? < 



and 




0.25 rt ertA e \ 
-^r- - 0,522 5 

f ) 



1/2" 



for y < < 0,8 



9.1.2.8 The profile of the convergent inlet shall be 
checked by means of a template. 

Two diameters of the convergent inlet in the same 
plane perpendicular to the axial centre-line shall not 
differ from each other by more than 0,1 % of their 
mean value. 

9.1.2.9 The surface of the upstream face and the 
throat shall be polished such that they have a 
roughness criterion R a < 10" V. 

9.1.3 Downstream face 

9.1.3.1 The thickness H shall not exceed 0,1/). 

9.1.3.2 Apart from the above condition, the profile 
and the surface finish of the downstream face are 
not specified (see 9.1.1). 

9.1.4 Material and manufacture 

The requirements given in 8.1.9 apply equally to the 
manufacture of the ISA 1932 nozzle. 

9.1.5 Pressure tappings 

9.1.5.1 Corner pressure tappings shall be used up- 
stream of the nozzle. 

9.1.5.2 The upstream corner tappings shall comply 
with the requirements in 8.2.2. 

9.1.5.3 The downstream pressure tappings may or 
may not be corner tappings, but in all cases the 
distance between the centre of the tapping and the 
upstream face of the nozzle shall be 



< 0,15/) for /? < 0,67 
<0,2D for /?>0,67 

9.13.4 The diameter of the downstream tappings 
shall be in accordance with 8.2.1.7. Corner tappings 
as described in 8.2.2 may also be used. 

9.1.6 Coefficients of ISA 1932 nozzles 

9.1.6.1 Limits of use 

This type of nozzle shall only be used in accordance 
with this part of ISO 5167 when 

50 mm < D < 500 mm 

0,3 < /? < 0,8 

and when Re D is within the following limits: 

for 0,30 < p < 0,44 7 x 10 4 < Re D < 10 7 
for 0,44 < /? < 0,80 2 x 10 4 < Re D < 10 7 

In addition, the relative roughness of the pipe shall 
conform with the values given in table 4. 

Most of the experiments on which the values of the 
discharge coefficient C given in this part of ISO 5167 
are based were carried out in pipes with a relative 
roughness kfD < 3,8 x 10" 4 . Pipes with higher rela- 
tive roughness may be used if the roughness for a 
distance of at least 10Z) upstream of the nozzle is 
within the limits given in table 4 (see 8.3.1 for the 
estimation of kfD). 

9.1.6.2 Discharge coefficient, C 

The discharge coefficient, C, is given by the follow- 
ing formula: 



4,1 



C = 0,990 0-0,226 2/T- 



- (0,001 75/? 2 - 0,003 3/? 415 ) 



10 c 
Re r 



1,15 



Values of C as a function of ft and Re D are given for 
convenience in table A. 12. These values are not in- 
tended for precise interpolation. Extrapolation is not 
permitted. 



Table 4 — Upper limits of relative roughness of the upstream pipe for ISA 1932 nozzles 



p 


<0,35 


0,36 


0,38 


0,40 


0,42 


0,44 


0,46 


0,48 


0,50 


0,60 


0,70 


0,77 


0,80 


10 4 kfD 


25 


18,6 


13,5 


10,6 


8,7 


7,5 


6,7 


6,1 


5,6 


4,5 


4,0 


3,9 


3,9 
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9.1.6.3 Expansibility [expansion] factor, e, 

The expansibility [expansion] factor, e 1a is calcu- 
lated by means of the following formula: 






This formula is applicable only for values of 0, D and 
Re D as specified in 9.1.6.1. Test results for determi- 
nation of e-j are only known for air, steam and natu- 
ral gas. However, there is no known objection to 
using the same formula for other gases and vapours 
for which the isentropic exponent is known. 

However, the formula is applicable only if 
Pi\P\ > 0-75. 

Values of the expansibility [expansion] factor for a 
range of isentropic exponents, pressure ratios and 
diameter ratios are given for convenience in 
table A.15. These values are not intended for precise 
interpolation. Extrapolation is not permitted. 



Note that 



H 



= e V 1 + 



Ap 
Pi 



9.1.7 Uncertainties 

9.1.7.1 Uncertainty of discharge coefficient C 

When fl, D, Re D and k\D are assumed to be known 
without error, the relative uncertainty of the value 
of C is equal to 

0,8% for £<0,6 

(20-0,4)% for/?>0,6 

9.1.7.2 Uncertainty of expansibility [expansion] 
factor e 1 

The relative uncertainty, in per cent, of ^ is equal to 

Ap 
2 — 
P\ 

9.1.8 Pressure loss, Aid 

Subclause 8.4.1 applies equally to the pressure loss 
of ISA 1932 nozzles (but 8.4.2 does not apply). 



9.2 Long radius nozzles 
9.2.1 General 

There are two types of long radius nozzle, which are 
called 

— high-ratio nozzles (0,25 < /? <; 0,8), and 

— low-ratio nozzles (0,20 < fi < 0,5). 

For ft values between 0,25 and 0,5, either design 
may be used. 

Figure 8 illustrates the geometric shapes of long ra- 
dius nozzles, showing cross-sections passing 
through the throat centre-lines. 

The reference letters used in the text refer to those 
shown on figure 8. 



7ZZZL 




7ZZZL 



1 , u. 



0.6i/ 



Row direction 
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^ 0,25 </?< 0.8 
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\ 
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B C 



'A 

^ b) Low ratio 
2: 0.20 < /? < 0,5 



Figure 8 — Long radius nozzles 
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Both types of nozzle consist of a convergent inlet, 
whose shape is a quarter ellipse, and a cylindrical 
throat. 

That part of the nozzle which is inside the pipe shall 
be circular, with the possible exception of the holes 
of the pressure tappings. 



9.2.2 Profile of high-ratio nozzle 

9.2.2.1 The inner face can be characterized by 

— a convergent section A, 

— a cylindrical throat B, and 

— a plain end C. 

9.2.2.2 The convergent section A has the shape of 
a quarter ellipse. 

The centre of the ellipse is at a distance D/2 from 
the axial centre-line. The major centre-line of the 
ellipse is parallel to the axial centre-line. The value 
of half the major axis is DJ2. The value of half the 
minor axis is (D — d)(2. 

The profile of the convergent section shall be 
checked by means of a template. Two diameters of 
the convergent section in the same plane perpen- 
dicular to the centre-line shall not differ from each 
other by more than 0,1 % of their mean value. 



9.2.2.3 
03d. 



The throat B has a diameter d and a length 



The value d of the diameter of the throat shall be 
1aken as the mean of the measurements of at least 
Tour diameters distributed in axial planes and at 
approximately equal angles to each other. 

The throat shall be cylindrical. Any diameter of any 
cross-section shall not differ by more than 0,05 % 
from the value of the mean diameter. Measurement 
at a sufficient number of cross-sections shall be 
made to determine that under no circumstances is 
the throat divergent in the direction of flow; within 
the stated uncertainty limits it may be slightly con- 
vergent. The section nearest the outlet is particu- 
larly important in this respect. This requirement is 
considered to be satisfied when the deviations in the 
length of any of the measured diameters comply 
with the said requirement in respect of its deviation 
from the mean. 



9.2.2.4 The distance between the pipe wall and the 
outside face of the throat shall be greater than or 
equal to 3 mm. 



9.2.2.5 The thickness // shall be greater than or 
equal to 3 mm and less than or equal to 0.15D. The 
thickness F of the throat shall be between 3 mm and 
13 mm. 

9.2.2.6 The surface of the inner face shall have a 
roughness criterion /? a < 10" V. 

9.2.2.7 The shape of the downstream (outside) face 
is not specified but shall comply with 9.2.2.4 and 
9.2.2.5 and the last sentence of 9.2.1. 

9.2.3 Profile of low-ratio nozzle 

9.2.3.1 The requirements given in 9.2.2 for the 
high-ratio nozzle apply also to the low-ratio nozzle 
with the exception of the shape of the ellipse itself 
which is given in 9.2.3.2. 

9.2.3.2 The convergent inlet A has the shape of a 
quarter ellipse. The centre of the ellipse is at a dis- 
tance d(2 + 2rf/3 = 7djd from the axial centre-line. 
The major axis of the ellipse is parallel to the axial 
centre-line. The value of half the major axis is d. The 
value of half the minor axis is 2c//3. 

9.2.4 Material and manufacture 

The requirements given in 8.1.9 apply to the manu- 
facture of long radius nozzles. 

9.2.5 Pressure tappings 

9.2.5.1 The pressure tappings shall comply with the 
description given in 8.2.1. 

9.2.5.2 The centre-line of the upstream tapping 
shall be at 1D 1q* d from the inlet face of the nozzle. 

The centre-line of the downstream tapping shall be 
at 0,50/) + 0,01 D from the inlet face of the nozzle 
with the condition that it shall not in any case be 
further downstream than the nozzle outlet. 

9.2.5.3 The upstream and downstream pressure 
tappings break through the inside wall of the pipe. 

9.2.6 Coefficients of long radius nozzles 
9.2.6.1 Limits of use 

The long radius nozzles shall only be used in ac- 
cordance with this part of ISO 5167 when 

50 mm < D < 630 mm 
0,2 < /? < 0,8 
10^ < R ei} < 107 
kjl) < 10 x 10-4 
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9.2.6.2 Discharge coefficient, C 

The discharge coefficients, C, are the same for both 
types of long radius nozzle when the tappings are In 
accordance with 9.2.5. 

The discharge coefficient, C, is given by the follow- 
ing formula, when referring to the upstream pipe 
Reynolds number Re D . 

,0.5/ 10 6 



C = 0,996 5-0.006 53/T 



/?<?, 



When referring to the Reynolds number at the throat 
Re d , this formula becomes 

0,5 

C = 0,996 5 - 0,006 53 



<*) 



and, in this case, C is independent of the diameter 
ratio 0. 

Values of C as a function of /? and Re D are given for 
convenience in table A. 13. These values are not in- 
tended for precise interpolation. Extrapolation is not 
permitted. 

9.2.6.3 Expansibility [expansion] factor, e t 

The indications given in 9.1.6.3 apply also to the 
expansibility [expansion] factor for long radius noz- 
zles, but within the limits of use specified in 9.2.6.1. 

9.2.7 Uncertainties 

9.2.7.1 Uncertainty of discharge coefficient C 

When ft and Re d are assumed to be known without 
error, the relative uncertainty of the value of C is 
2,0 % for all values of)? between 0,2 and 0,8. 

9.2.7.2 Uncertainty of expansibility [expansion] 
factor s, 

The relative uncertainty, in per cent, on ei is equal 
to 

P\ 

9.2.8 Pressure loss, Aro 

Subclause 6.4.1 applies equally to the pressure loss 
of long radius nozzles (but 8.4.2 does not apply). 

10 Venturl tubes 

There are two different types of standard Venturi 
tube, 



— the classical Venturi tube, and 

— the Venturi nozzle. 

They are described in 10.1 and 10.2. 

Limits of use are given in 10.1.5.1 and 10.2.4.1. 

10.1 Classical Venturi tubes 

10.1.1 Field of application 

The field of application of the classical Venturi tubes 
dealt with in this part of ISO 5167 depends on the 
way in which they are manufactured. 

Three types of standard classical Venturi tube are 
defined according to the method of manufacture of 
the internal surface of the entrance cone and the 
profile at the intersection of the entrance cone and 
the throat. These three methods of manufacture are 
described in 10.1.1.1 to 10.1.1.3 and have somewhat 
different characteristics. 

10.1.1.1 Classical Venturi tube with an "as cast" 
convergent section 

This is a classical Venturi tube made by casting in 
a sand mould or by other methods which leave a 
finish on the surface of the convergent section simi- 
lar to that produced by sand casting. The throat is 
machined and the junctions between the cylinders 
and cones are rounded. 

These classical Venturi tubes can be used in pipes 
of diameter between 100 mm and 800 mm and hav- 
ing diameter ratios between 0,3 and 0,75 inclusive. 

10.1.1.2 Classical Venturi tube with a machined 
convergent section 

This is a classical Venturi tube cast or fabricated as 
in 10.1.1.1 but in which the convergent section is 
machined as are the throat and the entrance cylin- 
der. The junctions between the cylinders and cones 
may or may not be rounded. 

These classical Venturi tubes can be used in pipes 
of diameter between 50 mm and 250 mm and having 
diameter ratios between 0,4 and 0,75 inclusive. 

10.1.1.3 Classical Venturi tube with a rough-welded 
sheet-iron convergent section 

This is a classical Venturi tube normally fabricated 
by welding. For the larger sizes it is not machined 
in any way, but in the smaller sizes the throat is 
machined. 
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These classical Venturi tubes can be used In pipes 
of diameter between 200 mm and 1 200 mm and 
having diameter ratios /? between 0,4 and 0,7 inclu- 



10.1.2 General shape 

Figure 9 shows a section through the centre-line of 
the throat of a classical Venturi tube. The letters 
used in the text refer to those shown on figure 9. 

The classical Venturi tube is made up of an entrance 
cylinder A connected to a conical convergent sec- 
tion B, a cylindrical throat C and a conical divergent 
section E. The internal surface of the device is cyl- 
indrical and concentric with the pipe centre-line. The 
coaxiality of the convergent section and the cylin- 
drical throat is assessed by visual inspection. 



104.2,1 The entrance cylinder A shall have a di- 
ameter D which shall not differ from the pipe inside 
diameter by more than 0,01/). 

The minimum cylinder length, measured from the 
plane containing the intersection of the cone 
frustum B with the cylinder A, may vary as a result 
of the manufacturing process {see 10.1.2.7 to 
10.1.2.9). It is, however, recommended that it be 
chosen to be equal to D. 

The entrance cylinder diameter D shall be meas- 
ured in the plane of the upstream pressure tappings. 
The number of measurements shall be at least equal 
to the number of pressure tappings (with a minimum 
of four). 

Tk/> jJinmntnirn nUnll U.«v m A A t« I • mrl nAn»- nnth nnif nf 

I lie UIQIIIC17I 3 onait li^7 mcaouicu ncai cai.ii pan ui 

pressure tappings, and also between these pairs. 
The arithmetic mean value of these measurements 
shall be taken as the value of D in the calculations. 



Conical divergent E 



Cylindrical throat C 



Conical convergent B 



Entrance cylinder A 




Connecting planes 



I B i 

Figure 9 — Geometric profile of the classical Venturi tube 
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Diameters shall also be measured in planes other 
than the plane of the pressure tappings. 

No diameter along the entrance cylinder shall differ 
by more than 0,4 % from the value of the mean di- 
ameter. This requirement is satisfied when the dif- 
ference in the length of any of the measured 
diameters complies with the said requirement in re- 
spect of the mean of the measured diameters. 



10.1.2.2 The convergent section B shall be conical 
and shall have an included angle of 21° ± 1° for all 
types of classical Venturi tube. It is limited upstream 
by the plane containing the intersection of the cone 
frustum B with the entrance cylinder A (or their 
prolongations) and downstream by the plane con- 
taining the intersection of the cone frustum B with 
the throat C (or their prolongations). 

The overall length of the convergent B measured 
parallel to the centre-line of the Venturi tube is 
therefore approximately equal to 2,7{D — d). 

The convergent section B is blended to the entrance 
cylinder A by a curvature of radius /?,, the value of 
which depends on the type of classical Venturi tube. 

The profile of the convergent section shall be 
checked by means of a template. The deviation be- 
tween the template and the conical section of the 
convergent section shall not exceed, in any place, 
0,4 % of D. 

The internal surface of the conical section of the 
convergent section is taken as being a surface of 
revolution then two diameters situated in the same 
plane perpendicular to the axis of revolution do not 
differ from the value of the mean diameter by more 
than 0,4 %. 

It shall be checked in the same way that the joining 
curvature with a radius R x is a surface of revolution. 



10.1.2.3 The throat C shall be cylindrical with a di- 
ameter d. It is limited upstream by the plane con- 
taining the intersection of the cone frustum B with 
the throat C (or their prolongations) and down- 
stream by the plane containing the intersection of 
the throat C with the cone frustum E (or their 
prolongations). The length of the throat C, i.e. the 
distance between those two planes, shall be equal 
to d whatever the type of classical Venturi tube. 

The throat C is connected to the convergent 
section B by a curvature of radius R 2 and to the di- 
vergent section E by a curvature of radius R 3 . The 
values of R 2 and R 3 depend on the type of classical 
Venturi tube. 

The diameter d shall be measured very carefully in 
the plane of the throat pressure tappings. The num- 
ber of measurements shall be at least equal to the 



number of pressure tappings (with a minimum of 
four). The diameters shall be measured near each 
pair of pressure tappings and also between these 
pairs. The arithmetic mean value of all these meas- 
urements shall be taken as the value of d in the 
calculations. 

Diameters shall also be measured in planes other 
than the plane of the pressure tappings. 

No diameter along the throat shall differ by more 
than 0,1 % of the value of the mean diameter. This 
requirement is satisfied when the difference in the 
length of any of the measured diameters complies 
with the said requirement in respect of the mean of 
the measured diameters. 

The throat of the classical Venturi tube shall be ma- 
chined or be of equivalent smoothness over the 
whole of its length to the surface roughness speci- 
fied in 10.1,2.6. 

It shall be checked that the joining curvatures into 
the throat with radii R 2 and R 3 are surfaces of revo- 
lution as described in 10.1.2.2. This requirement is 
satisfied when two diameters, situated in the same 
plane perpendicular to the axis of revolution, do not 
differ from the value of the mean diameter by more 
than 0,1 %. 

The values of the radii of curvature R 2 and R 3 shall 
be checked by means of a template. 

The deviation between the template and the clas- 
sical Venturi tube shall evolve in a regular way for 
each curvature so that the single maximum devi- 
ation that is measured occurs at approximately 
mid-way along the template profile. The value of this 
maximum deviation shall not exceed 0,02d. 



10.1.2.4 The divergent section E shall be conical 
and may have an included angle of between 7° and 
IIP; it is. however, recommended that an angle be- 
tween 7° and 8° be chosen. Its smallest diameter 
shall not be less than the throat diameter. 



10.1.2.5 A classical Venturi tube is called "trun- 
cated" when the outlet diameter of the divergent 
section is less than the diameter D and "not trun- 
cated" when the outlet diameter is equal to diameter 
D. The divergent portion may be truncated by about 
35 % of its length without notably modifying the 



pressure loss of the device. 



10.1.2.6 The roughness criterion R a of the throat 
and that of the adjacent curvature shall be as small 
as possible and shall always be less than 10~ 5 <i(see 
6.1.2). The divergent section is roughcast. Its internal 
surface shall be clean and smooth. The roughness 
of other parts of the classical Venturi tube depends 
on the type considered. 
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10.1.2.7 The profile of the classical Venturi tube 
with an "as cast" convergent section has the fol- 
lowing characteristics. 

The internal surface of the convergent section B is 
sand cast and unmachined. It shall be free from 
cracks, fissures, depressions, irregularities and im- 
purities. The roughness criterion R a for the surface 
shall be less than 10" 4 Z). 

The minimum length of the entrance cylinder A shall 
be equal to the smaller of the following two values: 
D and 0,25D + 250 mm (see 10.1.2.1). 

The internal surface of the entrance cylinder A may 
be left "as cast" provided that it has the same sur- 
face finish as the convergent section B. 



The radius of curvature 
1.375Z) ± 20 %. 

The radius of curvature 
3,625rf + 0,125</. 



/?, shall be equal to 



R 2 shall be equal to 



The length of the cylindrical part of the throat shall 
be not less than df3. In addition, the length of the 
cylindrical part between the end of the joining cur- 
vature R z and the plane of the pressure tappings, as 
well as the length of the cylindrical part between the 
plane of the throat pressure tappings and the be- 
ginning of the joining curvature R 3 , shall be not less 
than <f/6 (see also 10.1.2.3 for the throat length). 

The radius of curvature R 3 shall lie between 5d and 
^5d. Its value shall increase as the divergent angle 
decreases. A value close to 10<i is recommended. 

10.1.2.8 The profile of the classical Venturi tube 
with a machined convergent section has the follow- 
ing characteristics. 

The minimum length of the entrance cylinder A shall 
be equal to D. 

The radius of curvature R i shall be less than 0.25D 
and preferably equal to zero. 

The radius of curvature R 2 shall be less than 0,25d 
and preferably equal to zero. 

The length of the throat cylindrical part between the 
end of the curvature R 2 and the plane of the throat 
pressure tappings shall be not less than 0,25d. 

The length of the throat cylindrical part between the 
plane of the throat pressure tappings and the be- 
ginning of the joining curvature R 3 shall be not less 
than 0,3d. 

The radius of curvature /? 3 shall be less than 0,25d 
and preferably equal to zero. 

The entrance cylinder and the convergent section 
shall have a surface finish equal to that of the throat 
(see 10.1.2.6). 



10.1.2.9 The profile of the classical Venturi tube 
with a rough-welded sheet-iron convergent section 
has the following characteristics. 

The minimum length of the entrance cylinder A shall 
be equal to D. 

There shall be no joining curvature between the en- 
trance cylinder A and the convergent section B other 
than that resulting from welding. 

There shall be no joining curvature between the 
convergent section B and the throat C other than 
that resulting from welding. 

There shall be no joining curvature between the 
throat C and the divergent section E. 

The internal surface of the entrance cylinder A and 
the convergent section B shall be clean and free 
from encrustation and welding deposits. It may be 
galvanized. Its roughness criterion R a shall be about 
5x10 4 Z>. 

The internal welded seams shall be flush with the 
surrounding surfaces. They shall not be located in 
the vicinity of the pressure tappings. 

10.1.3 Material and manufacture 

10.1.3.1 The classical Venturi tube may be manu- 
factured from any material, provided that it is in ac- 
cordance with the foregoing description and will 
remain so during use. 

10.1.3.2 It is also recommended that the conver- 
gent section B and the throat C be joined as one 
part. It is recommended that in the case of a clas- 
sical Venturi tube with a machined convergent, the 
throat and the convergent section be manufactured 
from one piece of material. If, however, they are 
made in two separate parts they shall be assembled 
before the internal surface is finally machined. 

10.1.3.3 Particular care shall be given to the centr- 
ing of the divergent section E on the throat. There 
shall be no step in diameters between the two parts. 

This can be established by touch before the clas- 
sical Venturi tube is installed, but after the divergent 
section has been assembled with the throat section. 

10.1.3.4 When a lining is added in the throat, it shall 
be machined after being assembled. 

10.1.4 Pressure tappings 

10.1.4.1 The upstream and throat pressure 
tappings ^hall be made in the form of separate pipe 
wall pressure tappings interconnected by annular 
chambers or piezometer rings. 
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10.1.4.2 The diameter of these tappings shall be 
between 4 mm and 10 mm and moreover shall 
never be greater than 0,1 D for the upstream 
tappings and 0,13rffor the throat pressure tappings. 

It is recommended that pressure tappings as small 
as compatible with the fluid be used (for example, 
with its viscosity and cleanness). 

10.1.4.3 At least four pressure tappings shall be 
provided for the upstream and throat pressure 
measurements. The centre-lines of the pressure 
tappings shall meet the centre-line of the classical 
Venturi tube, shall form equal angles with each 
other and shall be contained in planes perpendicu- 
lar to the centre-line of the classical Venturi tube. 

10.1.4.4 At the point of break-through, the hole of 
the pressure tapping shall be circular. The edges 
shall be flush with the pipe wall, free from burrs and 
generally have no peculiarities. If joining curvatures 
are required the radius shall not exceed one-tenth 
of the diameter of the pressure tapping. 

10.1.4.5 The pressure tappings shall be cylindrical 
over a length at least 2,5 times the internal diameter 
of the tapping, measured from the inner wall of the 
pipeline. 

10.1.4.6 Conformity oT the pressure tappings with 
the two foregoing requirements is assessed by vis- 
ual inspection. 

10.1.4.7 The spacing of a pressure tapping is the 
distance, measured on a straight line parallel to the 
centre-line of the classical Venturi tube, between the 
centre-line of the pressure tapping and the refer- 
ence planes defined below. 

For the classical Venturi tube with an "as cast" 
convergent section, the spacing between the up- 
stream pressure tappings situated on the entrance 
cylinder and the plane of intersection between the 
entrance cylinder A and the prolongation of conver- 
gent section B shall be 



0,5Z) ± 0,25D for D between 100 mm and 150 mm 



and 



0,50 o,25 z> for D between 150 mm and 800 mm. 

For classical Venturi tubes with a machined conver- 
gent section and with a rough-welded sheet-iron 
convergent, the spacing between the upstream 



pressure tappings and the plane of intersection be- 
tween the entrance cylinder A and the convergent 
section B (or their proL *»tions) shall be 

0,5D ± 0,05D 

For all types of classical Venturi tube, the spacing 
between the plane containing the axes of the points 
of break-through of the throat pressure tappings and 
the intersection plane of the convergent section B 
and the throat C (or their prolongations) shall be 

0,5d ± 0,02d 

10.1.4.8 The area of the free cross-section of the 
annular chamber of the pressure tappings shall be 
greater than or equal to half the total area of the 
tapping holes connecting the chamber to the pipe. 

It is recommended, however, that the chamber sec- 
tion mentioned above shall be doubled when the 
classical Venturi tube is used with a minimum up- 
stream straight length from a fitting causing non- 
symmetrical flow. 

10.1.5 Discharge coefficient, C 

10.1.5.1 Limits of use 

Whatever the type of classical Venturi tube, a si- 
multaneous use of extreme values for D, /? and Re D 
shall be avoided as otherwise the uncertainties 
given in 10.1.7 are likely to be increased. 

The effects of Re D , kfD and /? on C are not yet suffi- 
ciently known for it to be possible to give reliable 
values of C outside the limits defined for each type 
of classical Venturi tube. (See annex B.) 

10.1.5.2 Discharge coefficient of the classical 
Venturi tube with an "as cast" convergent section 

Classical Venturi tubes with an "as cast" convergent 
section can only be used in accordance with this 
part of ISO 5167 when 

100 mm < D < 800 mm 

0,3 < /? < 0,75 

2 x 105 < R eD < 2 x 106 

Under these conditions the value of the discharge 
coefficient C is 

C = 0,984 
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10.1.5.3 Discharge coefficient of the classical 
Venturi tube with a machined convergent section 

Classical Venturi tubes with a machined convergent 
section can only be used in accordance with this 
part oT ISO 5167 when 

50 mm < D < 250 mm 

0,4 < < 0,75 

2 x 10 5 < Re D < 1 x 106 

Under these conditions the value of the discharge 
coefficient C is 

C = 0,995 

10.1.5.4 Discharge coefficient of the classical 
Venturi tube with a rough- welded sheet-iron 
convergent section 

Classical Venturi tubes with a rough-welded sheet- 
iron convergent section can only be used in accord- 
ance with this part of ISO 5167 when 

200 mm < D < 1 200 mm 

0,4 < jB < 0,7 

2 x 10 5 < Re D < 2 x 106 

Under these conditions the value of the discharge 
coefficient C is 

C = 0,985 

10.1.6 Expansibility [expansion] factor, <:., 

The indications given in 9.1.6.3 also apply to the 
expansibility [expansion] factor for the different 
types of classical Venturi tubes, but within the limits 
of use specified in 10.1.5.2, 10.1.5.3 or 10.1.5.4 as 
appropriate. 

10.1.7 Uncertainty of the discharge coefficient C 

10.1.7.1 Classical Venturi tube with an "as cast" 
convergent section 

The relative uncertainty of the discharge coefficient 
as given in 10.1.5.2 is equal to 0,7 % 11 ». 

10.1.7.2 Classical Venturi tube with a machined 
convergent section 

The relative uncertainty of the discharge coefficient 
as given in 10.1.5.3 is equal to 1 % 11) . 



10.1.7.3 Classical Venturi tube with a rough-welded 
sheet-Iron convergent section 

The relative uncertainty of the discharge coefficient 
as given in 10.1.5.4 is equal to 1,5 % 11) . 

10.1.8 Uncertainty of the expansibility [expansion] 
factor e, 



The relative uncertainty, in per cent, of e-| is equal to 



(4 + 100/? 8 ) A/? 



10.1.9 Pressure loss 

10.1.9.1 Definition of the pressure loss (see 
figure 10) 

The pressure loss caused by a classical Venturi tube 
may be determined by pressure measurements 
made prior and subsequent to the installation of the 
Venturi tube in a pipe through which there is a given 
flow. 

If Ap' is the difference in pressure, measured prior 
to the installation of the Venturi tube, between two 
pressure tappings one of which is situated at least 
D upstream of the flanges where the Venturi tube 
will be inserted and the other of which is 6D down- 
stream of the same flanges, and if A/?" is the differ- 
ence in pressure measured between the same 
pressure tappings after installation of the Venturi 
tube between these flanges, then the pressure loss 
caused by the Venturi tube is given by Ap" — Ap'. 

10.1.9.2 Relative pressure loss 

The relative pressure loss, £, is the value of the 
pressure loss Ap" - Ap' related to the differential 
pressure Ap: 



* = 



Ap" - Ap' 



It depends, in particular, on 

— the diameter ratio (£ decreases when /? in- 
creases); 

— the Reynolds number (<* decreases when Re D in- 
creases); 

— the manufacturing characteristics of the Venturi 
tube: angle of the divergent, manufacturing of the 
convergent, surface finish of the different parts, 
etc. (£ increases when <p and kjD increase); 



11) The differences between the uncertainties show on the one hand the number of results available for each type of 
classical Venturi tube and on the other hand the more or less precise definition of the geometric profile. 
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Figure 10 — Pressure loss across a classical Venturl tube 



— the installation conditions (good alignment, 
roughness of the upstream conduit, etc.). 

For guidance, the relative value of the pressure loss 
can be accepted as being generally between 5 % 
and 20 %. 

Annex G gives, for guidance only, some information 
on the effect of these different factors on the values 
the pressure loss £ is likely to have. 

10.2 Venturl nozzle 
10.2.1 General shape 

10.2.1.1 The profile of the Venturi nozzle (see 
figure 11) is axisymmetric. It consists of a conver- 
gent section, with a rounded profile, a cylindrical 
throat and a divergent section. 

10.2.1.2 The upstream face is identical with that of 
an ISA 1932 nozzle (see figure 7). 

The descriptions in 9.1.2.2 to 9.1.2.4 apply equally to 
the Venturi nozzle. 

10.2.1.3 The throat (see figure 11) consists of a 
part E of length 0,3</ which is the same as for the ISA 
1932 nozzle (see figure 7) and a part E' of a length 
0,4rfto0,45rf. 

The value d of the diameter of the throat shall be 
taken as the mean of measurements of at least four 
diameters distributed in axial planes and at 
approximately equal angles to each other. 

The throat shall be cylindrical. No diameter of any 
cross-section shall differ by more than 0,05 % from 



the value of the mean diameter. This requirement is 
considered as satisfied when the deviations in the 
length of any of the measured diameters comply 
with the said requirement in respect of deviation 
from the mean. 

10.2.1.4 The divergent section (see figure 11) shall 
be connected with the part E' of the throat without a 
rounded part, but any burrs shall be removed. 

The included angle of the divergent section, <p, shall 
be less than or equal to 30°. 

The length L of the divergent section has practically 
no influence on the discharge coefficient C. How- 
ever, the included angle of the divergent section, 
and hence the length, does influence the pressure 
loss. 

10.2.1.5 The Venturi nozzle may be truncated in the 
same way as the classical Venturi tube (see 
10.1.2.5). 

10.2.1.6 The internal surfaces of the Venturi nozzle 
shall have a roughness criterion R 9 < 10" *d (see 
6.1.2). 

10.2.2 Material and manufacture 

10.2.2.1 The Venturi nozzle may be manufactured 
from any material provided that it is in accordance 
with the description in 10.2.1 and will remain so 
during use. In particular, the Venturi nozzle shall be 
clean when the flow measurements are made. 

10.2.2.2 The Venturi nozzle is usually made of 
metal, and shall be erosion and corrosion proof 
against the fluid with which it is to be used. 
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a) truncated divergent section ^ D 




b) non-truncated divergent section 
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Figure 11 — Venturi nozzles 



10.2.3 Pressure tappings 

10.2.3.1 Angular position of pressure tappings 

The centre-lines of the pressure tappings may be 
located in any axial sector of the pipe. Attention is 
drawn to the information given in 8.2. 

10.2.3.2 Upstream pressure tappings 

The upstream pressure tappings shall be corner 
tappings identical with those of an ISA 1932 nozzle, 
as defined in 8.2.2 (see also figures 11 and 12). 

10.2.3.3 Throat pressure tapping 

The throat pressure tapping shall comprise at least 
four single pressure tappings leading into an 
annular chamber or piezometer ring. Annular slots 
or interrupted slots shall not be used. 

The centre-lines of the pressure tappings shall meet 
the centre-line of the Venturi nozzle, shall be at 
equal angles to each other, and shall lie in the plane 
perpendicular to the centre-line of the Venturi noz- 



zle, which is the imaginary border between the parts 
E and E' of the cylindrical throat. 

The tappings shall always be large enough to en- 
sure that clogging by dirt or gas bubbles is pre- 
vented. 

The diameter 5 2 of the individual tappings in the 
throat of Venturi nozzles shall be less than or equal 
to 0,04<tf and moreover shall be between 2 mm and 
10 mm. 

10.2.4 Coefficients 

10.2.4.1 Limits of use 

Venturi nozzles shall only be used in accordance 
with this part of ISO 5167 when 

65 mm < D < 500 mm 

d > 50 mm 

0,316 </?< 0,775 

1,5 x 10 5 < Re D < 2x10 6 
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In addition, the roughness of the pipe shall conform 
with the values given in table 5. 

Most of the experiments on which the values of the 
discharge coefficient C are based were carried out 
on pipes with a relative roughness 
kfD < 3,8 x 10" 4 . Pipes with higher relative 
roughness may be used if the roughness over a 
distance of at least 10D upstream of the primary 
device is within the limits of tables (see 8.3.1 for the 
estimation of kjD). 

10.2.4.2 Discharge coefficient, C 

The discharge coefficient, C, is given by the formula 
C= 0,985 8-0,196j3 4 ' 5 

Values of C as a function of /? are given for con- 
venience in table A. 16. They are not intended for 
precise interpolation. Extrapolation is not permitted. 



NOTE 7 Within the limits specified in 10.2.4.1, C is in- 
dependent of the Reynolds number and of the pipe diam- 
eter D. 

10.2.4.3 Expansibility [expansion] factor, e t 

The indications given in 9.1.6.3 also apply to the 
expansibility [expansion] factor for Venturi nozzles, 
but within the limits of use specified in 10.2.4.1, 

10.2.5 Uncertainties 

10.2.5.1 Uncertainty of discharge coefficient C 

Within the limits of use specified in 10.2.4.1 and 
when /? is assumed to be known without error, the 
relative uncertainty of the values of the discharge 
coefficient C, in per cent, is equal to 

(1,2+ 1,5/! 4 ) 



a) wtth annular slot *. 



b) wtth Individual 
corner tappings 




Figure 12 — Venturi nozzle fitted with a carrier ring 



Table 5 — Upper limits of relative roughness of the upstream pipe for Venturi nozzles 



fl 


<0,35 


0,36 


0,38 


0,40 


0,42 


0,44 


0,46 


0,48 


0,50 


0,60 


0,70 


0,775 


10*klD 


25 


18,6 


13,5 


10,6 


8,7 


7,5 


6,7 


6,1 


5,6 


4,5 


4,0 


3,9 
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10.2.5.2 Uncertainty of expansibility [expansion] 
factor e, 

The relative uncertainty, in per cent, of r-i is equal to 
(4 + 100/)-^- 



10.2.6 Pressure loss 

The indications given in 10.1.9 also apply to Venturi 
nozzles when the divergent angle is not greater than 
15°. 



11 Uncertainties on the measurement of 
flow-rate 

Useful general information for calculation of the un- 
certainty of a measurement of flow-rate, together 
with an example, are given in ISO 5168. 

11.1 Definition of uncertainty 

11.1.1 For the purposes of this part of ISO 5167 the 
uncertainty is defined as a range of values within 
which the true value of the measurement is esti- 
mated to lie at the 95 % probability level. 

In some cases, the confidence level which can be 
associated with this range of values will be greater 
than 95 %, but this will be so only where the value 
of a quantity used in the calculation of flow-rate is 
known with a confidence level in excess of 95 %; in 
such a case, reference shall be made to ISO 5168. 

11.1.2 The uncertainty on the measurement of the 
flow-rate shall be calculated and given under this 
name whenever a measurement is claimed to be in 
conformity with this part of ISO 5167. 

11.1.3 The uncertainty can be expressed in abso- 
lute or relative terms and the result of the flow 
measurement can then be given in any one of the 
following forms; 

rate of flow = q ± hq 

rate of flow = <y(1 + e) 

rate of flow - <? within (100e) % 

where the uncertainty bq shall have the same di- 
mensions as q while e q = hq\q and is dimensionless. 

11.1.4 Although for one single measuring device 
and for coefficients used in one test, some of these 
partial uncertainties may in reality be the result of 
systematic errors (of which only an estimation of 
their maximum absolute value can be known) their 
combination is permitted as if they were random 



errors having a distribution conforming to the 
Laplace-Gauss normal law. 

The uncertainty of the flow measurement so defined 
is, in practice, equivalent to twice the standard de- 
viation used in statistical terminology and it is ob- 
tained by combining the partial uncertainties on the 
individual quantities which are used in the calcu- 
lation of the flow-rate, assuming them to be small, 
numerous and independent of each other. 

11.1.5 For convenience a distinction is made be- 
tween the uncertainties linked to measurements 
made by the user and those linked to quantities 
specified in this part of ISO 5167. The latter uncer- 
tainties are on the discharge coefficient and the 
expansibility [expansion] factor; they give the mini- 
mum uncertainty with which the measurement is 
unavoidably tainted, since the user has no control 
over these values. They occur because small vari- 
ations in the geometry of the device are allowed and 
because the investigations on which the values have 
been based could not be made under "ideal" con- 
ditions, nor without some uncertainty. 



11.2 Practical computation of the uncertainty 

11.2.1 The basic formula of computation of the 
mass rate of flow q m is 

In fact, the various quantities which appear on the 
right-hand side of this formula are not independent, 
so that it is not correct to compute the uncertainty 
of q m directly from the uncertainties of these quanti- 
ties. 

For example, C is a function of d, D, k, U v v 1 and 
p 1 and r-i is a function of d, D, Ap, />, and k. 

11.2.1.1 However, it is sufficient, for most practical 
purposes, to assume that 1he uncertainties of C, c>\, 
d, Ap and ^ are independent of each other. 

11.2.1.2 A practical working formula for hq m may 
then be derived, which takes account of the interde- 
pendence of C on d and D which enters into the 
calculation as a consequence of the dependence of 
C on /?. It shall be noted that C may also be de- 
pendent on the Reynolds number Re D . However, the 
deviations of C due to these influences are of a 
second order and are included in the uncertainty on 
C. 

Similarly, the deviations of e-| which are due to un- 
certainties in the value of /?, the pressure ratio and 
the isentropic exponent are also of a second order 
and are included in the uncertainty on e^ 
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11.2.1.3 The uncertainties which shall be included 
in a practical working formula for §q m are therefore 
those of the quantities C, e-j, d, D, Ap and q<\. 



11.2.2 The practical working formula for the uncer- 
tainty, §q m , of the mass rate of flow is as follows: 

2 
+ 



K 



(¥)♦(*)' 



i^jm'i^XfP 



*i 
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+ 



1 / s <?i v 
4 V e < ) 
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In the formula above some of the uncertainties, such 
as those on the discharge coefficient and 
expansibility [expansion] factor, are given in this 
part of ISO 5167 (see 11.2.2.1 and 11.2.2.2) while 
others have to be determined by the user (see 
11.2.2,3 and 11.2.2.4). 



11.2.2.1 In the formula above, the values of SC/C 
and of Sc^t) shall be taken from the appropriate 
clauses of this part of ISO 5167. 

11.2.2.2 When the straight lengths are such that an 
additional uncertainty of 0,5 % is to be considered, 
this additional uncertainty shall be added in accord- 
ance with the requirements given in 7.2.4 and not 
quadratically as with the other uncertainties in the 
formula above. Other additional uncertainties (see 
7.5.1.4 and 7.5.2.3) shall be added in the same way. 

11.2.2.3 In the formula above the maximum values 
of 5D/Z) and hdfd, which can be derived from the 
specifications given in clause 7 and in 8.1.7, 9.1.2.5, 
9.2.2.3, 10.1.2.3 and 10.2.1.3, can be adopted or al- 
ternatively the smaller actual values can be com- 
puted by the user. (The maximum value for WjD 
may be taken as 0,4 % while the maximum value for 
hdfd may be taken as 0,07 %.) 

11.2.2.4 The values of 8A/?/A/> and hgjg^ shall be 
determined by the user because this part of 
ISO 5167 does not specify in detail the method of 
measurement of the quantities A/> and @j. 
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Annex A 

(informative) 

Tables of discharge coefficients and expansibility [expansion] factors 





Table A.1 


— Orifice plate 


with corner tappings — Discharge coefficient, C 






Diameter 
ratio 










Discharge coefficient, C, for Re 


D equal to 










P 


5 x 10 3 


1 xlO 4 


2 x 10 4 


3 x 10* 


SxlO 4 


7 x 10 4 


1 x 10 5 


3 x 10 5 


1 x 10 e 


1 x 10 7 


1 x 10* 


oo 


0,20 


0,599 7 


0,598 6 


0,597 9 


0,597 7 


0,597 5 


0,597 3 


0,597 3 


0,597 1 


0,597 


0,597 


0,597 


0,597 


0,22 


0,6006 


0,599 3 


0,5984 


0,5981 


0,597 8 


0,597 7 


0,597 6 


0,597 4 


0,597 3 


0,597 2 


0,597 2 


0,597 2 


0,24 


0,601 8 


0,6000 


0,5990 


0,5986 


0,598 2 


0,598 1 


0,597 9 


0,597 7 


0,597 5 


0,597 5 


0,597 5 


0,597 5 


0,26 


0,603 1 


0,6009 


0,5996 


0,599 1 


0,598 7 


0,598 5 


0,598 3 


0,598 


0,597 8 


0,597 8 


0,597 7 


0,597 7 


J),28 


0,604 4 


0,601 9 


0,6003 


0,5997 


0,5992 


0,5989 


0,598 7 


0,598 3 


0,5982 


0,598 1 


0,598 1 


0,598 


0,30 


0,606 


0,602 9 


0,601 1 


0,6004 


0,599 7 


0,5994 


0,599 2 


0,598 7 


0,5985 


0,5984 


0,598 4 


0,5984 


0,32 


0,607 7 


0,6040 


0,601 9 


0,601 1 


0,6003 


0,6000 


0.599 7 


0,599 1 


0,598 9 


0,598 8 


0,598 7 


0,598 7 


0,34 


0,6095 


0,6053 


0,602^ 


0,601 8 


0,601 


0,6005 


0,600 2 


0,5996 


0,5993 


0,599 1 


0,599 1 


0,599 1 


0,36 


0,6115 


0,6066 


0,603 7 


0,602 6 


0,601 6 


0,601 2 


0,6008 


0,6001 


0,599 7 


0,5995 


0,5995 


0,5995 


0,38 


0,6136 


0,608 1 


0,604 8 


0,6035 


0,602 4 


0,601 8 


0,601 4 


0,6005 


0,600 2 


0,6000 


0,5999 


0,5999 


0,40 


0,6159 


0,6096 


0,605 9 


0,6044 


0,6031 


0,602 5 


0,602 


0,601 1 


0,6006 


0,6004 


0,6003 


0,6003 


0,42 


0,618 4 


0,6113 


0,607 


0,6054 


0,603 9 


0,603 2 


0,602 6 


0,601 6 


0,601 1 


0,600 8 


0,6008 


0,6008 


0,44 


0,621 


0,6130 


0,608 2 


0,6064 


0,604 7 


0,6039 


0,6033 


0,602 1 


0,601 6 


0,601 3 


0,601 2 


0,601 2 


0,46 


0,6238 


0,6148 


0,6095 


0,607 4 


0,6056 


0,604 7 


0,604 


0,602 7 


0,602 1 . 


0,601 7 


0,601 7 


0,601 6 


0,48 


— 


0,616 7 


0,6108 


0,6085 


0,606 4 


0,6055 


0,604 7 


0,6032 


0,602 5 


0,602 1 


0,602 1 


0,602 1 


0,50 


— 


0,618 7 - 


0,6121 


0,609 6 


0,607 3 


0,6062 


0,6053 


0,6037 


0,6030 


0,602 6 


0,602 5 


0,602 5 


0,51 


— 


0,6197 


0,612 8 


0,6101 


0,607 7 


0,606 6 


0,605 7 


0,604 


0,603 2 


0,602 7 


0,602 7 


0,6026 


0,52 


— 


0,620 7 


0,6135 


0,610 7 


0,608 2 


0,607 


0,6060 


0,604 2 


0,6034 


0,602 9 


0,602 8 


0,6028 


0,53 


— 


0,621 7 


0,6141 


0,6112 


0,608 6 


0,607 3 


0,6063 


0,604 4 


0,6036 


0,603 1 


0,603 


0,6030 


0,54 


— 


0,622 8 


0,6148 


0,6117 


0,6090 


0,607 7 


0,606 6 


0,604 7 


0,603 7 


0,6032 


0,603 1 


0,603 1 


0,55 


._ 


0,623 8 


0,6155 


0,612 3 


0,6094 


0,608 


0,6069 


0,604 9 


0,6039 


0,6034 


0,603 3 


0,603 2 


0,56 


„ 


0,624 9 


0,616 2 


0,612 8 


0,6098 


0,608 4 


0;607 2 


0,6050 


0,604 


0,6035 


0,603 4 


0,603 4 


0,57 


_ 


0,6259 


0,616 8 


0,613 3 


0,6102 


0,608 7 


0,607 4 


0,605 2 


0,6041 


0,6036 


0,603-5 


0,603 4 


0,58 


— 


0,627 


0,6175 


0,613 8 


0,6105 


0,608 9 


0,607 7 


0,6053 


0,6042 


0,6036 


0,6035 


0,6035 


0,59 


— 


0,628 


0,6181 


0,614 3 


0,6108 


0,6092 


0,607 9 


0,6054 


0,604 3 


0,6036 


0,6035 


0,6035 


0,60 


._ 


0,629 1 


0,618 7 


0,614 7 


0,61 1 1 


0,6094 


0,608 


0,6055 


0,604 3 


0,603 6 


0,603 5 


0,603 5 


0,61 


_. 


0,630 1 


0,619 3 


0,615 1 


0,61 1 4 


0,6096 


0,608 2 


0,6055 


0,604 3 


0,603 6 


0,603 4 


0,603 4 


0,62 


— 


0,631 1 


0,6198 


0,6155 


0,61 1 6 


0,6098 


0,608 3 


0,6055 


0,604 2 


0,6035 


0,603 3 


0,6033 


0,63 


— 


0,632 


0,6203 


0,615 8 


0,6118 


0,6099 


0,608 3 


0,6054 


0,6041 


0,603 3 


0,603 2 


0,6032 


0,64 


_ 


0,6330 


0,6208 


0,6161 


0,61 1 9 


0,6099 


0,608 3 


0,605 3 


0,603 9 


0,603 1 


0,603 


0,602 9 


0,65 


— 


0,633 9 


0,621 2 


0,6164 


0,612 


0,6099 


0,608 2 


0,605 1 


0,603 7 


0,602 8 


0,602 7 


0;602 7 


0,66 


— 


0,634 8 . 


0,621 6 


0,6165 


0,612 


0,6099 


0,608 1 


0,604 8 


0,603 3 


0,602 5 


0,602 3 


0,602 3 


0,67' 


— 


0,6356 


0,621 9 


0,616 7 


0,6120 


0,6097 


0,607 9 


0,604 5 


0,602 9 


0,602 1 


0,601 9 


0,601 9 


0,68 


— 


0,636 3 


0,622 2 


0,6167 


0,61 1 8 


0,6095 


0,607 6 


0,6041 


0,602 5 


0,601 6 


0,601 4 


0,601 4 


0,69 


— 


0,637 


0,6223 


0,616 7 


0,61 1 6 


0,6092 


0,607 2 


0,6036 


0,601 9 


0,601 


0,6008 


0,600 8 


0,70 


— 


0,637 6 


0,622 4 


0,616 5 


0,6113 


0,608 8 


0,606 7 


0,6030 


0,601 2 


0,600 3 


0,6001 


0,6000 


0,71 


— 


0,638 2 


0,622 4 


0,6163 


0,6109 


0,608 3 


0,6061 


0,6023 


0,6004 


0,5994 


0,599 3 


0,599 2 


0,72 


— 


0,638 6 


0,622 2 


0,6160 


0,6103 


0,607 6 


0,6054 


0,601 4 


0,5995 


0,598 5 


0,598 3 


0,598 3 


0,73 


— 


0,638 9 


0,622 


0,6155 


0,609 7 


0,606 9 


0,604 6 


0,6004 


0,598 5 


0,597 4 


0,597 2 


0,597 2 


0,74 


— 


0,639 1 


0,621 6 


0,614 9 


0,608 9 


0,606 


0,6036 


0,5993 


0,597 3 


0,596 2 


0,5960 


0,5959 


0,75 


- 


0,6392 


0,621 1 


0,614 1 


0,607 9 


0,604 9 


0,6025 


0,598 


0,5959 


0,5948 


0,5946 


0,5945 


NOTE - Thi 


s table is 


given for c 


onvenienc 


e. The vali 


es given a 


re not Inte 


nded for p 


recise Inte 


r potation. 


Extrapolati 


on Is not p 


ermitted. 
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Table A.2 — Orifice plate with D and Z>/2 tappings — Discharge coefficient, C 



Diameter 
ratio 






Discharge coefficient 


, C, tor Re 


D equal to 










fi 


5 x 10 3 


1 x 10 4 


2x 10 4 


3 x 10 4 


5 x 10< 


7 x 10 4 


1 x 10 5 


3 x 10 5 


1 x 10« 


1 x 10 7 


1 x 10 8 


oo 


0,20 


0,5997 


0,5985 


0,597 9 


0,597 6 


0,597 4 


0,597 3 


0,597 2 


0,597 


0,596 9 


0,596 9 


0,5969 


0,596 9 


0,22 


0,6006 


0,599 2 


0,598 4 


0,598 


0,597 7 


0,597 6 


0,597 5 


0,597 3 


0,597 2 


0,597 1 


0,597 1 


0,597 1 


0,24 


0,601 7 


0,6000 


0,598 9 


0,598 5 


0,598 1 


0,598 


0,597 8 


0,597 6 


0,597 4 


0,597 4 


0,597 4 


0,597 4 


0,26 


0,6030 


0,6008 


0,5995 


0,5990 


0,598 6 


0,598 4 


0,598 2 


0,597 9 


0,597 7 


0,597 7 


0,597 6 


0,597 6 


0,28 


0,604 3 


0,601 7 


0,6002 


0,5996 


0,5991 


0,598 8 


0,598 6 


0,598 2 


0,598 1 


0,598 


0,597 9 


0,597 9 


0,30 


— 


0,602 8 


0,601 


0,600 3 


0,5996 


0,599 3 


0,599 1 


0,598 6 


0,598 4 


0,598 3 


0,598 3 


0,598 3 


0,32 


— 


0,603 9 


0,601 8 


0,601 


0,6002 


0,5999 


0,599 6 


0,5990 


0,598 8 


0,598 7 


0,5986 


0,5986 


0,34 


— 


0,605 2 


0,602 7 


0,601 7 


0,6009 


0,6004 


0,6001 


0,5995 


0,599 2 


0,599 


0,5990 


0,5990 


0,36 


— 


0,6066 


0,603 7 


0,602 6 


0,601 6 


0,601 1 


0,600 7 


0,600 


0,599 7 


0,5995 


0,5994 


0,5994 


0,38 


_ 


0,606 


0,604 7 


0,6035 


0,6023 


0,601 8 


0,601 3 


0,6005 


0,600 1 


0,599.9 


0,5999 


0,5999 


0,40 


— 


0,6096 


0,6059 


0,604 4 


0,603 1 


0,602 5 


0,602 


0,601 1 


0,600 6 


0,6004 


0,6004 


0,6003 


0,42 


_ 


— 


0,607 1 


0,605 4 


0,6040 


0,6033 


0,602 7 


0,601 7 


0,601 2 


0,600 9 


0,600 9 


0,600 8 


0,44 


— 


— 


0,608 4 


0,606 5 


0,604 9 


0,604 1 


0,6035 


0,602 3 


0,601 7 


0,601 4 


0,6014 


0,601 4 


0,46 


— 


— 


0,6098 


0,607 7 


0,6059 


0,6050 


0,604 3 


0,603 


0,602 3 


0,602 


0,601 9 


0,601 9 


0,48 


— 


— 


0,6112 


0,608 9 


0,606 9 


0,605 9 


0,605 1 


0,6036 


0,603 


0,602 6 


0,602 5 


0,6025 


0,50 


— 


— 


0,612 7 


0,6102 


0,607 9 


0,606 8 


0,6060 


0,604 3 


0,6036 


0,603 2 


0,603 1 


0,603 1 


0,51 


— 


— 


0,6135 


0;6108 


0,608 5 


0,607 3 


0,6064 


0,604 7 


0,6039 


0,6035 


0,6034 


0,6034 


0,52 


— 


— 


0,6143 


0,6115 


0,6090 


0,607 8 


0,6068 


0,605 1 


0,6042 


0,6038 


0,6037 


0,603 7 


0,53 


— 


— 


0,6151 


0,612 2 


0,609 6 


0,608 3 


0,607 3 


0,605 4 


0,6046 


0,604 1 


0,604 


0,604 


0,54 


_ 


— 


0,615 9 


0,612 9 


0,6101 


0,608 8 


0,607 7 


0,605 8 


0,604 9 


0,604 4 


0,604 3 


0,604 3 


0,55 


— 


_ 


0,6168 


0,613 6 


0,6107 


0,6093 


0,608 2 


0,6061 


0,605 2 


0,604 7 


0,604 6 


0,604 5 


0,56 


— 


— 


0,617 6 


0,614 3 


0,611 3 


0,6098 


0,608 7 


0,6065 


0,6055 


0,604 9 


0,6048 


0,604 8 


0,57 


_ 


— 


— 


0,6150 


0,6118 


0,610 3 


0,609 1 


0,606 9 


0,605 8 


0,605 2 


0,605 1 


0,605 1 


0,58 


— 


— 


— 


0,615 7 


0,612 4 


0,6108 


0,6095 


0,607 2 


0,606 1 


0,6055 


0,6054 


0,6054 


0,59 


— 


— 


— 


0,6164 


0,613 


0,6113 


0,6100 


0,6075 


0,6064 


0,605 8 


0,6056 


0,6056 


0,60 


„ 


— 


_ 


0,6171 


0,6135 


0,6118 


0,6104 


0,607 9 


0,6067 


0,606 


0,6059 


0,6059 


0,61 


— 


— 


— 


0,617 8 


0,6141 


0,612 3 


0,6108 


0,608 2 


0,6069 


0,606 2 


0,606 1 


0,606 1 


0,62 


— 


— 


— 


0,618 5 


0,6146 


0,612 8 


0,6112 


0,608 5 


0,607 2 


0,6065 


0,6063 


0,6063 


0,63 


— 


— 


— 


0,6192 


0,615 1 


0,613 2 


0,6116 


0,608 7 


0,607 4 


0,6067 


0,6065 


0,6065 


0,64 


— 


— 


~- 


0,6198 


0,615 6 


0,6136 


0,612 


0,609 


0,607 6 


0,6068 


0,6067 


0,6067 


0,65 


— 


__ 


— 


0,6205 


0,6161 


0,614 


0,612 3 


0,609 2 


0,607 8 


0,607 


0,6068 


0,6068 


0,66 


— 


— 


— 


0,621 1 


0,616 6 


0,6144 


0,612 7 


0,6094 


0,607 9 


0,607 1 


0,6069 


0,6069 


0,67 


— 


— 


— 


0,621 7 


0,617 


0,614 8 


0,613 


0,609 6 


0,608 


0,607 2 


0,607 


0,6070 


0,68 


— 


— 


— 


0,622 3 


0,6175 


0,6151 


0,613 2 


0,609 7 


0,608 1 


0,607 2 


0,607 


0,607 


0,69 


— 


— 


— 


0,622 9 


0,617 8 


0,6154 


0,613 4 


0,609 8 


0,608 1 


0,607 2 


0,607 


0,607 


0,70 


— 


— 


_ 


— 


0,618 2 


0,615 7 


0,6138 


0,609 9 


0,608 1 


0,607 1 


0,607 


0,606 9 


0,71 


- 


— 


— 


_ 


0,618 5 


0,6159 


0,6138 


0,609 9 


0,608 1 


0,607 1 


0,6069 


0,6068 


0,72 


— : 


— 


— 


— 


0,618 7 


0,6161 


0,613 9 


0,609 8 


0,608 


0,606 9 


0,606 7 


0,6067 


0,73 


— 


— 


— 


— 


0,6190 


0,6162 


0,6139 


0,6097 


0,607 8 


0,6067 


0,6065 


0,6065 


0,74 


— 


— 


— 


_ 


0,6191 


0,616 3 


0,6139 


0,6096 


0,607 6 


0,6065 


0,6063 


0,6062 


0,75 


- 


- 


- 


- 


0,6193 


0,6163 


0,613 8 


0,6094 


0,607 3 


0,6062 


0,6059 


0,605 9 


NOTE - This table Is given for c 


onvenienc 


e. The valu 


es given a 


re not Inte 


nded for p 


reclse Inte 


rpolation. 


Extrapolatl 


on is not p 


ermltted. 
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Table A. 3 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 50 mm 




Diameter 
ratio 




1 


Discharge coefficient 


, C, for Re D equal to 










P 


5 x 10 3 


t x 10 4 


2 x 10* 


3 x 1<H 


5x 10* 


7 x 10 4 


1 x 10' 


3x 10 5 


1 x 10 e 


1 x 10 7 


1 x 10 8 


oo 


0,25 


0,602 3 


0,600 3 


0,599 2 


0,598 7 


0,598 3 


0,598 1 


0,598 


0,597 7 


0,597 6 


0,597 5 


0,597 5 


0,597 5 


0,26 


0,602 9 


0,6008 


0,5995 


0,5990 


0,598 6 


0,598 4 


0,598 2 


0,597 9 


0,597 7 


0,597 6 


0,597 6 


0,597-6 


0,28 


0,604 3 


0,601 7 


0,600 2 


0,5996 


0,5990 


0,598 8 


0,598 6 


0,598 2 


0,598 


0,597 9 


0,597 9 


0,597 9 


0,30 


„ 


0,602 8 


0,600 9 


0,600 2 


0,5996 


0,599 3 


0,5990 


0,598 6 


0,598 4 


0,5983 


0,598 2 


0,598 2 


0,32 


— 


0,6039 


0,601 7 


0,600 9 


0,6002 


0,5998 


0,5995 


0,5990 


0,598 8 


0,598 6 


0,598 6 


0,598 6 


0,34 


— 


0,6051 


0,602 6 


0,601 7 


0,6008 


0,6004 


0,600 1 


0,5994 


0,5992 


0,5990 


0,5990 


0,5990 


0,36 


— 


0,6065 


0,603 6 


0,602 5 


0,601 5 


0,601 


0,6006 


0,5999 


0,5996 


0,5994 


0,5994 


0,5994 


0,38 


— 


0,608 


0,604 7 


0,6034 


0,602 2 


0,601 7 


0,6013 


0,6004 


0,6001 


0,5998 


0,599 8 


0,5998 


0,40 


— 


_ 


0,6058 


0,604 3 


0,6030 


0,602 4 


0,601 9 


0,601 


0,600 6 


0,600 3 


0,600 3 


0,6003 


0,42 


„ 


— 


0,607 


0,605 4 


0,6039 


0,6032 


0,602 6 


0,601 6 


0,601 1 


0,6008 


0,600 6 


0,6008 


0,44 


— 


„ 


0,608 3 


0,6064 


0,604 8 


0,604 


0,6034 


0,6022 


0,601 6 


0,601 3 


0,601 3 


0,601 3 


0,46 


— 


_ 


0,609 6 


0,607 6 


0,605 7 


0,604 9 


0,6041 


0,602 8 


0,602 2 


0,601 9 


0,601 8 


0,601 8 


0,48 


— 


— 


0,611 1 


0,608 8 


0,606 7 


0,6058 


0,605 


0,6035 


0,602 8 


0,602 4 


0,602 4 


0,602-4 


0,50 


— 


_ 


0,612 6 


0,6100 


0,607 8 


0,606 7 


0,605 8 


0,604 2 


0,603 4 


0,603 


0,602 9 


0,602 9 


0,51 


„ 


— 


0,613 3 


0,6107 


0,608 3 


0,607 2 


0,606 2 


0,604 5 


0,603 7 


0,603 3 


0,603 2 


0,6032 


0,52 


— 


„ 


0,614 1 


0,6113 


0,608 8 


0,607 6 


0,606 7 


0,6049 


0,6041 


0,603 6 


0,6035 


0,603 5 


0,53 


-- 


— 


0,6149 


0,612 


0,6094 


0,608 1 


0,607 1 


0,6052 


0,604 4 


0,603 9 


0,6038 


0,6038 


0,54 


— 


— 


0,615 7 


0,612 7 


0,609 9 


0,608 6 


0,607 5 


0,6056 


0,604 7 


0,604 2 


0,6041 


0,604 1 


0,55 


_ 


— 


0,616 6 


0,6134 


0,6105 


0,6091 


0,608 


0,6059 


0,605 


0,604 4 


0,6044 


0,604 3 


0,56 


__ 


_.. 


0,617 4 


0,614 


0,61 1 


0,609 6 


0,608 4 


0,606 3 


0,605 3 


0,604 7 


0,6046 


0,604 6 


0,57 


— 


— 


_._ 


0,614 7 


0,6116 


0,6101 


0,608 9 


0,6066 


0,605 6 


0,605 


0,604 9 


0,604 9 


0,56 


— 


— 


— 


0,6154 


0,6121 


0,6106 


0,6093 


0,607 


0,6059 


0,6053 


0,605 1 


0,605 1 


0,59 


— 


— 


— 


0,6161 


0,612 7 


0,61 1 1 


0,609 7 


0,607 3 


0,606 1 


0,605 5 


0,605 4 


0,6054 


0,60 


_. 





_ 


0,616 8 


0,6132 


0,6115 


0,6101 


0,607 6 


0,6064 


0,6057 


0,605 6 


0,6056 


0,61 


— 


— 


— 


0,6175 


0,6138 


0,612 


0,6105 


0,607 9 


0,6066 


0,6060 


0,605 8 


0,605 8 


0,62 


— 


„ 


— 


0,618 2 


0,6143 


0,612 4 


0,6109 


0,608 2 


0,6069 


0,6062 


0,6060 


0,6060 


0,63 


— 


— 


— 


0,618 8 


0,614 8 


0,6129 


0,6113 


0,608 4 


0,607 1 


0,6063 


0,606 2 


0,6062 


0,64 


— 


__ 


— 


0,619 5 


0,6153 


0,613 3 


0,6117 


0,608 7 


0,607 3 


0,6065 


0,6063 


0,606 3 


0,65 


_ 


„ 


_ 


0,620 1 


0,6158 


0,613 7 


0,612 


0,608 9 


0,607 4 


0,6066 


0,6065 


0,6064 


0,66 


— 


— 


- 


0,620 6 


0,6162 


0,614 1 


0,612 3 


0,609 1 


0,607 6 


0,606 7 


0,6066 


0,6065 


0,67 


— 


— 


— 


0,621 4 


0,616 7 


0,6144 


0,612 6 


0,6092 


0,607 6 


0,6068 


0,6066 


0,6066 


0,68 


— 


— 


— 


0,621 9 


0,6171 


0,614 7 


0,612 8 


0,6093 


0,607 7 


0,6068 


0,606 6 


0,6066 


0,69 


— 


— 


— 


0,622 5 


0,617 4 


0,6150 


0,613 


0,6094 


0,607 7 


0,6068 


0,606 6 


0,6066 


0,70 


_ 





— 


— 


0,617 7 


0,6152 


0,613 2 


0,6094 


0,607 7 


0,606 7 


0,6065 


0,6065 


0,71 


— 


— 


— 


— 


0,618 


0,6154 


0,6133 


0,6094 


0,607 6 


0,6066 


0,6064 


0,6064 


0,72 


— 


— 


._ 


— 


0,618 3 


0,6156 


0,6134 


0,6094 


0,607 5 


0,6064 


0,6062 


0,6062 


0,73 


__ 


.._ 


— 


— 


0,618 5 


0,615 7 


0,6134 


0,609 2 


0,607 3 


0,606 2 


0,6060 


0,606 


0,74 


— 


— 


— 


— 


0,618 6 


0,615 7 


0,6134 


0,6091 


0,6071 


0,605 9 


0,605 7 


0,605 7 


0,75 


- 


- 


- 


- 


0,618 7 


0,6157 


0,613 3 


0,608 8 


0,606 8 


0,605 6 


0,6054 


0,6054 


NOTE — This table is given for convenienc 


e. The vali 


les given t 


ire not inte 


nded for precise Inte 


rpolation. 


Extrapolati 


on Is not p 


ermitted. 
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Table A.4 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 75 mm 




Diameter { 
ratio 




Discharge coefficient 


, C, tor Re D equal to 








§ 


5 x 103 


1 x 10* 


2x10* 


3 x 10* 


5 x 10 4 


7 x10* 


1 x10' 


3 x 10 5 


1 x 10* 


1 x W 


1 x10 8 


oo 


0,20 


0,5997 


0,598 6 


0,597 9 


0,597 6 


0,597 4 


0,597 3 


0,597 2 


0,597 


0,5970 


0,5969 


0,5969 


0,5969 


0,22 


0,6006 


0,5992 


0,598 4 


0,598 1 


0,597 8 


0,597 6 


0,597 5 


0,597 3 


0,597 2 


0,597 2 


0,597 1 


0,597 1 


0,24 


— 


0,6000 


0,598 9 


0,598 5 


0,598 2 


0,598 


0,597 9 


0,597 6 


0,5975 


0,597 4 


0,597 4 


0,597 4 


0,26 


— 


0,6008 


0,5996 


0,599 1 


0,598 6 


0,598 4 


0,598 2 


0,597 9 


0,597 8 


0,597 7 


0,597 7 


0,597 7 


0,28 


_. 


0,601 8 


0,6002 


0,599 7 


0,5991 


0,598 9 


0,598 7 


0,598 3 


0,598 1 


0,598 


0,598 


0,598 


0,30 


— 


0,602 8 


0,601 


0,6003 


0,599 7 


0,5994 


0,599 1 


0,598 7 


0,598 5 


0,598 3 


0,598 3 


0,598 3 


0,32 


— 


0,6040 


0,6018 


0,601 


0,6003 


0,5999 


0,5996 


0,599 1 


0,598 8 


0,598 7 


0,598 7 


0,598 7 


0,34 


— 


— 


0,602 7 


0,601 8 


0,6009 


0,6005 


0,600 2 


0,5996 


0,599 3 


0,599 1 


0,5991 


0,599 1 


0,36 


— 


_ 


0,603 7 


0,6026 


0,601 6 


0,601 1 


0,6008 


0,6000 


0,5997 


0,5995 


0,5995 


0,5995 


0,38 


— 


— 


0,604 8 


0,603 5 


0,6024 


0,601 8 


0,601 4 


0,6006 


0,600 2 


0,6000 


0,5999 


0,5999 


0,40 


— 


— 


0,6059 


0,6045 


0,6032 


0,6026 


0,602 1 


0,6011 


0,6007 


0,6005 


0,6004 


0,6004 


0,42 


— 


— 


0,6071 


0,6055 


0,604 


0,603 3 


0,602 8 


0,601 7 


0,601 2 


0,601 


0,6009 


0,600 9 


0,44 


— 


_ 


0,6084 


0,606 6 


0,604 9 


0,604 2 


0,6035 


0,602 3 


0,601 8 


0,601 5 


0,601 4 


0,601 4 


0,46 


— 


— 


0,6098 


0,607 7 


0,6059 


0,6050 


0,604 3 


0,6030 


0,602 4 


0,6020 


0,602 


0,6020 


0,48 


— 


— 


— 


0,608 9 


0,6069 


0,605 9 


0,605 1 


0,6036 


0,6030 


0,602 6 


0,6025 


0,602 5 


0,50 


— 


„ 


— 


0,6102 


0,6079 


0,6068 


0,6059 


0,6043 


0,603 6 


0,6032 


0,6031 


0,603 1 


0,51 


— 


— 


— 


0,6108 


0,608 4 


0,607 3 


0,6064 


0,604 7 


0,6039 


0,6034 


0,6034 


0,603 3 


0,52 


— 


_ 


— 


0,6115 


0,6090 


0,607 8 


0,6068 


0,6050 


0,604 2 


0,603 7 


0,6036 


0,603 6 


0,53 


— 


— 


— 


0,6121 


0,6095 


0,608 2 


0,607 2 


0,6054 


0,6045 


0,604 


0,6039 


0,603 9 


0,54 


— 


— 


— 


0,612 8 


0,6100 


0,608 7 


0,607 7 


0,6057 


0,604 8 


0,604 3 


0,604 2 


0,604 2 


0,55 


— 


_ 


— 


0,6134 


0,6106 


0,609 2 


0,6081 


0,6060 


0,6051 


0,6045 


0,6044 


0,6044 


0,56 


_ 


— 


— 


0,614 1 


0,6111 


0,6097 


0,6085 


0,6064 


0,6054 


0,604 8 


0,6047 


0,604 7 


0,57 


— 


— 


— 


— 


0,611 6 


0,6101 


0,608 9 


0,606 7 


0,6056 


0,6050 


0,6049 


0,604 9 


0,58 


— 


_ 


— 


— 


0,6122 


0,6106 


0,6093 


0,6070 


0,6059 


0,6053 


0,6052 


0,605 1 


0,59 


— 


— 


— 


— 


0,612 7 


0,6111 


0,6097 


0,607 3 


0,6061 


0,6055 


0,6054 


0,6054 


0,60 


— 


— 


— 


— 


0,6132 


0,6115 


0,6101 


0,607 6 


0,6064 


0,605 7 


0,6056 


0,605 6 


0,61 


— 


— 


— 


— 


0,613 7 


0,6119 


0,6105 


0,607 8 


0,6066 


0,6059 


0,6058 


0,605 7 


0,62 


— 


_ 


— 


— 


0,614 2 


0,612 3 


0,6108 


0,608 


0,6068 


0,6060 


0,6059 


0,6059 


0,63 


— 


— 


— 


— 


0,614 6 


0,612 7 


0,6111 


0,608 3 


0,606 9 


0,6062 


0,6060 


0,606 


0,64 


— 


~ 


— 


— 


0,6151 


0,6131 


0,6114 


0,608 4 


0,607 


0,6063 


0,6061 


0,606 1 


0,65 


— 


_ 


— 


— 


0,6155 


0,6134 


0,6117 


0,6086 


0,6071 


0,6063 


0,6062 


0,6062 


0,66 


— 


— 


— 


— 


0,6159 


0,6137 


0,6119 


0,608 7 


0,607 2 


0,6064 


0,6062 


0,6062 


0,67 


— 


— 


— 


— 


0,6162 


0,6140 


0,6121 


0,6088 


0,607 2 


0,6063 


0,6062 


0,6061 


0,68 


— 


— 


— 


— 


0,6165 


0,614 2 


0,6123 


0,6088 


0,607 2 


0,6063 


0,606 1 


0,606 1 


0,69 


— 


— 


— 


— 


0,6168 


0,614 4 


0,612 4 


0,608 8 


0,607 1 


0,6061 


0,6060 


0,605 9 


0,70 


— 


— 


— 


— 


0,6170 


0,6145 


0,6124 


0,608 7 


0,6069 


0,606 


0,605 8 


0,605 8 


0,71 


— 


__ 


— 


— 


0,6172 


0,6146 


0,6124 


0,6086 


0,6067 


0,6057 


0,6056 


0,6055 


0,72 


— 


— 


— 


— 


0,617 3 


0,614 6 


0,6124 


0,608 4 


0,6065 


0,6054 


0,6052 


0,605 2 


0,73 


— 


— 


— 


„ 


„ 


0,614 5 


0,6122 


0,6081 


0,6061 


0,605 1 


0,604 9 


0,604 8 


0,74 


— 


— 


— 


— 


— 


0,614 4 


0,6120 


0,607 7 


0,6057 


0,604 6 


0,6044 


0,604 4 


0,75 


~ 


- 


- 


- 


- 


0,6142 


0,61 1 8 


0,607.3 


0,6052 


0,6041 


0,6039 


0,6038 


NOTE — This table Is given for convenlenc 


e. The valt 


es given a 


re not Inte 


nded for precise Interpolation, 


Extrapolati 


on is not p 


ermitted. 
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Table A.5 


— Orifice plate with flange tappings — Discharge coefficient, C, for D = 100 mm 




Diameter 
ratio 




I 


Discharge coefficient, C, for Re D equal to 








P 


6 x 10 3 


1 x10< 


2x10* 


3x10* 


5x10* 


7x10* 


1 x10 s 


3 x10 s 


1 x10» 


1 x 10 7 


1 x 10» 


OO 


0,20 


„ 


0,598 6 


0,597 9 


0,597 6 


0,5974 


0,5973 


0,597 2 


0,597 1 


0,597 


0,5969 


0,5969 


0,5969 


0,22 


— 


0,5992 


0,5984 


0,5981 


0,597 8 


0,5976 


0,597 5 


0,5973 


0,597 2 


0,597 2 


0,5972 


0,597 2 


0,24 


— 


0,6000 


0,5990 


0,598 5 


0,5982 


0,5980 


0,597 9 


0,597 6 


0,597 5 


0,597 4 


0,5974 


0,597 4 


0,26 


— 


0,6009 


0,5996 


0,5991 


0,598 6 


0,598 4 


0,598 3 


0,597 9 


0,597 8 


0,597 7 


0,597 7 


0,597 7 


0,28 


— 


0,601 8 


0,6003 


0,5997 


0,5991 


0,5989 


0,598 7 


0,598 3 


0,5981 


0,5980 


0,598 


0,5980 


0,30 


— 


„ 


0,601 


0,6003 


0,5997 


0,5994 


0,599 1 


0,598 7 


0,5985 


0,5984 


0,598 3 


0,598 3 


0,32 


— 


— 


0,601 9 


0,601 


0,6003 


0,5999 


0,5996 


0,5991 


0,5989 


0,598 7 


0,598 7 


0,598 7 


0,34 


— 


— 


0,602 8 


0,6018 


0,6009 


0,6005 


0,6002 


0,5996 


0,5993 


0,5991 


0,599 1 


0,599 1 


0,36 


— 


— 


0,6037 


0,602 6 


0,6016 


0,6011 


0,6008 


0,6000 


0,5997 


0,5995 


0,5995 


0,5995 


0,38 


— 


— 


0,6048 


0,6035 


0,6024 


0,601 8 


0,601 4 


0,6006 


0,6002 


0,6000 


0,5999 


0,5999 


0,40 


_ 


_ 


— 


0,6045 


0,6032 


0,6025 


0,6020 


0,601 1 


0,6007 


0,6004 


0,6004 


0,6004 


0,42 


— 


— 


— 


0,6055 


0,6040 


0,6033 


0,602 7 


0,601 7 


0,601 2 


0,6009 


0,6009 


0,6009 


0,44 


— 


— 


— 


0,6065 


0,6049 


0,6041 


0,6035 


0,602 3 


0,6017 


0,601 4 


0,6014 


0,6014 


0,46 


— 


— 


— 


0,607 7 


0,6058 


0,6049 


0,604 2 


0,602 9 


0,6023 


0,602 


0,601 9 


0,6019 


0,48 


— 


— 


_. 


0,608 8 


0,6068 


0,6058 


0,6050 


0,6035 


0,6029 


0,6025 


0,602 4 


0,602 4 


0,50 


_ 


_ 


' _ 


„ 


0,6078 


0,6067 


0,6058 


0,6042 


0,6034 


0,6030 


0,602 9 


0,602 9 


0,51 


— 


— 


— 


— 


0,608 3 


0,607 1 


0,6062 


0,6045 


0,6037 


0,6033 


0,6032 


0,6032 


0,52 


— 


_ 


— 


— 


0,6088 


0,607 6 


0,6066 


0,6048 


T),604 


0,6035 


0,6034 


0,6034 


0,53 


— 


— 


— 


— 


0,6093 


0,6080 


0,6070 


0,6051 


0,604 3 


0,6038 


0,6037 


0,6037 


0,54 


— 


— 


— 


— 


0,6098 


0,608 5 


0,607 4 


0,6054 


0,6045 


0,6040 


0,6039 


0,6039 


0,55 


— 


— 


_ 


_ 


0,6103 


0,608 9 


0,607 8 


0,605 7 


0,604 8 


0,604 2 


0,6041 


0,6041 


0,56 


— 


— 


— 


— 


0,6108 


0,6093 


0,608 2 


0,6060 


0,6050 


0,6045 


0,6044 


0,6043 


0,57 


— 


— 


— 


— 


0,6113 


0,6096 


0,6085 


0,6063 


0,605 3 


0,6047 


0,6046 


0,6045 


0,58 


— 


— 


— 


— 


0,61 1 8 


0,6102 


0,6089 


0,6066 


0,6055 


0,604 9 


0,6048 


0,604 7 


0,59 


— 


— 


„ 


— 


0,612 2 


0,6106 


0,609 3 


0,6068 


0,6057 


0,6050 


0,6049 


0,6049 


0,60 


— 


_ 


_ 


_ 


0,612 7 


0,6110 


0,6096 


0,607 


0,605 8 


0,6052 


0,6051 


0,6050 


0,61 


— 


— 


— 


__ 


0,6131 


0,6113 


0,6099 


0,607 2 


0,6060 


0,6053 


0,605 2 


0,6052 


0,62 


— 


— 


— 


— 


0,6135 


0,6117 


0,6102 


0,6074 


0,606 1 


0,6054 


0,6053 


0,6052 


0,63 


— 


— 


— 


— 


0,6139 


0,612 


0,6104 


0,6075 


0,6062 


0,6055 


0,6053 


0,6053 


0,64 


_ 


— 


_ 


— 


— 


0,612 3 


0,6107 


0,607 7 


0,6063 


0,6055 


0,605 3 


0,6053 


0,65 


— 


_ 


„■ 


— 


— 


0,6125 


0,6108 


0,607 7 


0,6063 


0,6055 


0,605 3 


0,6053 


0,66 


— 


— 


— 


-- 


— 


0,612 7 


0,6110 


0,607 7 


0,6062 


0,6054 


0,6052 


0,6052 


0,67 


— 


— 


— 


— 


— 


0,6129 


0,61 1 1 


0,607 7 


0,6061 


0,6053 


0,6051 


0,6051 


0,68 


__ 


— 


— 


— 


— 


0,6130 


0,6111 


0,607 6 


0,6060 


0,6051 


0,604 9 


0,604 9 


0,69 


— 


— 


— 


— 


— 


0,6131 


0,6111 


0,607 5 


0,6058 


0,604 9 


0,6047 


0,6046 


0,70 


— 


— 


— 


.„ 


— 


0,6131 


0;6110 


0,607 3 


0,6055 


0,6045 


0,6044 


0,604 3 


0,71 


— 


— 


— 


— 


— 


0,6130 


0,6109 


0,607 


0,605 2 


0,6042 


0,6040 


0,6039 


0,72 


— 


— 


— 


— 


— " 


0,612 8 


0,6106 


0,6066 


0,604 7 


0,603 7 


0,6035 


0,6035 


0,73 


— 


— 


— 


— 


— 


0,6126 


0,6103 


0,6062 


0,604 2 


0,603 1 


0,6030 


0,602 9 


0,74 


— 


— 


— 


— 


— 


0,612 3 


0,6099 


0,6056 


0,6036 


0,6025 


0,602 3 


,0^02 3 


0,75 


_ 


- 


_ 


- 


- 


- 


0,6094 


0,6050 


0,602 9 


0,601 8 


0,601 5 


0,6015 


NOTE — This table Is given for convenienc 


e. The vaii 


les given are not intended for precise Interpolation. 


Extrapolatl 


on Is not p 


ermltted. 
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Table A.6 


— Orifice plate 


with flange tappings — Discharge coefficient, C, for D = 150 mm 




Diameter 
ratio 




I 


Discharge coefficient 


, C, tor Re D equal to 




fi 


5x10' 


1 xlO 4 


2x10* 


3 x 10 4 


5 x 10 4 


7 x10< 


1 x 10* 


3 x 10 5 


1 x 10» 


1 x 10' 


1 x10« 


oo 


0,20 


— 


0,5986 


0,5979 


0,597 7 


0,597 4 


0,597 3 


0,597 2 


0,597 1 


0,5970 


0,596 9 


0,5969 


0,596 9 


0,22 


— 


0,5993 


0,5984 


0,5981 


0,5978 


0,597 7 


0,5975 


0,597 3 


0,597 2 


0,597 2 


0,597 2 


0,597 2 


0,24 


— 


— 


0,5990 


0,598 6 


0,598 2 


0,5980 


0,597 9 


0,597 6 


0,5975 


0,5974 


0,5974 


0,597 4 


0,26 


— 


— 


0,5996 


0,599 1 


0,598 7 


0,598 4 


0,598 3 


0,598 


0,597 8 


0,597 7 


0,597 7 


0,5977 


0,28 


— 


— 


0,6003 


0,5997 


0,5992 


0,598 9 


0,598 7 


0,598 3 


0,598 1 


0,598 


0,5980 


0,598 


0,30 


— 


__ 


0,6010 


0,6003 


0,5997 


0,5994 


0,5992 


0,598 7 


0,596 5 


0,598 4 


0,598 4 


0,598 3 


0,32 


— 


— 


0,601 9 


0,601 


0,6003 


0,5999 


0,5996 


0,599 1 


0,598 9 


0^98 7 


0,598 7 


0,598 7 


0,34 


— 


— 


— 


0,601 8 


0,6009 


0,6005 


0,6002 


0,5996 


0,5993 


0,599 1 


0,5991 


0,599 1 


0,36 


— 


— 


— 


0,6026 


0,601 6 


0,601 2 


0,6008 


0,6000 


0,599 7 


0,5995 


0,5995 


T),5995 


0,38 


— 


_ 


— 


0,6035 


0,6024 


0,601 8 


0,601 4 


0,6006 


0,6002 


0,6000 


0,5999 


0,5999 


0,40 


— 


— 


— 


0,6044 


0,603 1 


0,6025 


0,602 


0,601 1 


0,600 7 


0,6004 


0,6004 


0,6004 


0,42 


— 


— 


~ 


— 


0,604 


0,603 3 


0,602 7 


0,601 7 


0,601 2 


0,6009 


0,600 8 


0,6008 


0,44 


— 


— 


— 


— 


0,604 8 


0,604 


0,6034 


0,602 2 


0,601 7 


0,601 4 


0,601 3 


0,601 3 


0,46 


— 


— 


— 


__ 


0,6057 


0,604 9 


0,6041 


0,602 8 


0,602 2 


0,601 9 


0,601 8 


0,601 8 


0,48 


— 


__ 


— 


— 


0,6067 


0,605 7 


0,604 9 


0,6034 


0,602 7 


0,602 4 


0,602 3 


0,602 3 


0,50 


— 


— 


„ 


_ 


0,607 6 


0,6065 


0,6056 


0,604 


0,603 3 


0,6029 


0,602 8 


0,6028 


0;51 


__ 


_ 


— 


— 


0,6081 


0,607 


0,606 


0,604 3 


0,6035 


0,603 1 


0,6030 


0,603 


0,52 


— 


— 


— 


— 


— 


0,6074 


0,6064 


0,604 6 


0,6038 


0,603 3 


0,6032 


0,603 2 


0,53 


— 


— 


— 


— 


— 


0,607 8 


0,606 8 


0,604 9 


0,604 


0,6035 


0,6035 


0,6034 


0,54 


— 


__ 


— 


— 


— 


0,608 2 


0,607 1 


0,6052 


0,604 3 


0,6038 


0,603 7 


0,6036 


0,55 


_. 


_ 


_ 


__ 


_ 


0,608 6 


0,607 5 


0,6054 


0,6045 


0,604 


0,603 9 


0,603 8 


0,56 


— 


— 


— 


— 


— 


0,6090 


0,607 8 


0,605 7 


0,604 7 


0,604 1 


0,6040 


0,6040 


0,57 


— 


— 


— 


— 


— 


0,6094 


0,608 2 


0,6059 


0,6049 


0,604 3 


0,6042 


0,604 2 


0,58 


— 


— 


— 


— 


— 


0,609 8 


0,608 5 


0,6061 


0,6051 


0,6044 


0,604 3 


0,604 3 


0,59 


— 


— 


— 


— 


— 


0,610 1 


0,608 6 


0,606 3 


0,6052 


0,604 6 


0,6045 


0,604 4 


0,60 


— 


_ 


— 


_ 


— 


0,6105 


0,6091 


0,6065 


0,6053 


0,604 7 


0,6045 


0,604 5 


0,61 


— 


— 


— 


— 


— 


— 


0,609 3 


0,606 7 


0,605 4 


0,604 7 


0,6046 


0,604 6 


0,62 


— 


— 


— 


— 


— 


— 


0,6095 


0,6068 


0,6055 


0,604 8 


0,6046 


#604 6 


0,63 


— 


— 


— 


— 


— 


— 


0,6097 


0,6068 


0,6055 


0,604 7 


0,6046 


0,604 6 


0,64 


— 


— 


— 


_. 


— 


— 


0,6099 


0,606 9 


0,6055 


0,6047 


^,6045 


0,6045 


0,65 


_ 


— 


— 


— 


— 


_ 


0,6100 


0,6068 


0,6054 


0,604 6 


0,6044 


0,6044 


0,66 


— 


— 


— 


— 


— 


— 


0,6100 


0,6068 


0,605 3 


0,6044 


0,6043 


0,6042 


0,67 


— 


— 


— 


— 


— 


— 


0,6100 


0,606 6 


0,6051 


0,604 2 


0,604 


0,604 


0,68 


— 


— 


— 


— 


— 


— 


0,6099 


0,6064 


0,604 8 


0,6039 


0,6038 


0,6037 


0,69 


— 


— 


_ 


— 


— 


~ 


0,6098 


0,6062 


0,604 5 


0,6036 


0,6034 


0,6034 


0,70 


— 


— 


— 


— 


„_ 


_ 


0,6096 


0,605 8 


0,6041 


0,6031 


0,602 9 


0,6029 


0,71 


— 


— 


— 


— 


— 


— 


0,6093 


0,6054 


0,6036 


0,6026 


0,6024 


0,6024 


0,72 


— 


— 


— 


— 


— 


— 


0,608 9 


0,604 9 


0,6030 


0,602 


0,601 8 


0,601 7 


0,73 


_ 


— 


_ 


— 


— 


— 


— 


0,604 3 


0,602 3 


0,601 2 


0,601 


0,601 


0,74 


— 


— 


— 


— 


— 


_ 


— 


0;6035 


0,601 5 


0,6004 


0,6002 


0,6001 


0,75 


- 


- 


_ 


- 


- 


_ 


- 


0,602 7 


0,6006 


0,5994 


0,5992 


0,5992 


NOTE — This table Is given for corwenlenc 


e. The vak 


ies given t 


ire not Inte 


nded for precise Interpolation. Extrapolation is not p 


ermitted. 
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Table A.7 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 200 mm 



Diameter 
ratio 


Discharge coefficient 


, C, tor Re 


D equal to 











5x10' 


1 xlO 4 


2x10< 


3x10* 


5x10* 


7 x 10* 


1 x 10 9 


3 x 10 5 


1 x 10" 


1 x10 7 


1 x10* 


oo 


0,20 


— 


__ 


0,5979 


0,597 7 


0,5974 


0,5973 


0,597 2 


0,5971 


0,597 


0,5970 


0,5969 


0,5969 


0,22 


— 


— 


0,5984 


0,5981 


0,597 8 


0,597 7 


0,5975 


0,597 3 


0,597 2 


0,597 2 


0,597 2 


0,597 2 


0,24 


— 


— 


0.5990 


0,5986 


0,598 2 


0,598 


0,597 9 


0,597 6 


0,597 5 


0,597 4 


0,597 4 


0,597 4 


0,26 


_. 


_ 


0,5996 


0,5991 


0,598 7 


0,5985 


0,598 3 


0,598 


0,597 8 


0,597 7 


0,597 7 


0,597 7 


0,28 


— 


— 


0,6003 


0,5997 


0,5992 


0,598 9 


0,598 7 


0,598 3 


0,598 1 


0,598 


0,598 


0,5980 


0,30 


— 


— 


— 


0,6003 


0,5997 


0,5994 


0,599 2 


0,598 7 


0,5985 


0,5984 


0,598 4 


0,5984 


0,32 


— 


— 


— 


0,6010 


0,6003 


0,5999 


0,599 7 


0,599 1 


0,598 9 


0,598 7 


0,598 7 


0,598 7 


0,34 


— 


— 


— 


0,6018 


0,6009 


0,6005 


0,600 2 


0,5996 


0,5993 


0,5991 


0,599 1 


0,5991 


0,36 


— 


— 


— 


— 


0,6016 


0,601 2 


0,6008 


0,600 1 


0,5997 


0,5995 


0,5995 


0,5995 


0,38 


— 


— 


— 


— 


0,6024 


0,601 8 


0,601 4 


0,6006 


0,6002 


0,6000 


0,5999 


0,5999 


0,40 


— 


— 


— 


_ 


0,6031 


0,6025 


0,602 


0,601 1 


0,6007 


0,6004 


0,6004 


0,6004 


0,42 


— 


— 


— 


„ 


0,604 


0,603 3 


0,602 7 


0,601 6 


0,601 1 


0,6009 


0,6008 


0,6008 


0,44 


— 


— 


— 


— 


0,604 8 


0,604 


0,603 4 


0,602 2 


0,6017 


0,601 4 


0,601 3 


0,601 3 


0,46 


— 


— 


— 


_. 


— 


0,604 8 


0,604 1 


0,602 8 


0,602 2 


0,601 8 


0,601 8 


0,601 8 


0,48 


— 


_ 


— 


— 


— 


0,6058 


0,604 8 


0,6034 


0,602 7 


0,602 3 


0,602 2 


0,602 2 


0,50 


_ 


_ 


__ 


_ 


_ 


0.6065 


0,6056 


0,604 


0,6032 


0,602 8 


0,602 7 


0,602 7 


0,51 


— 


— 


_ 


— 


— 


0,6069 


0,605 9 


0,604 2 


0,6034 


0,6030 


0,602 9 


0,6029 


0,52 


— 


— 


— 


— 


— 


0,607 3 


0,6063 


0,6045 


0,603 7 


0,6032 


0,603 1 


0,6031 


0,53 


— 


— 


— 


— 


_ 


— 


0,606 7 


0,604 8 


0,603« 


0,6034 


0,6033 


0,603 3 


0,54 


— 


— 


— 


— 


__ 


— 


0,607 


0,605 


0,6041 


0,6036 


0,6035 


0,6035 


0,55 


— 


— 


— 


__ 


— 


— 


0,607 3 


0,605 3 


0,6043 


0,6038 


0,603 7 


0,6037 


0,56 


— 


— 


— 


— 


— 


— 


0,607 7 


0,6055 


0,6045 


0,6040 


0,603 9 


0,6038 


0,57 


— 


— 


__ 


— 


— 


— 


0,608 


0,605 7 


0,604 7 


0,6041 


0,604 


0,6040 


0,58 


— 


— 


— 


— 


— 


— 


0,608 3 


0,6059 


0,6048 


0,604 2 


0,6041 


0,6041 


0,59 


— 


— 


— 


— 


— 


— 


0,6086 


0,6061 


0,6050 


0,604 3 


0,604 2 


0,6042 


0,60 


— 


— 


— 


— 


_ 


— 


0,608 8 


0,6063 


0,6051 


0,6044 


0,6043 


0,6043 


0,61 


— 


— 


— 


— 


— 


— 


0,6090 


0,6064 


0,6051 


0,6044 


0,6043 


0,6043 


0,62 


— 


— 


_ 


— 


— 


— 


0,609 2 


0,6064 


0,6052 


0,6044 


0,604 3 


0,604 3 


0,63 


— 


_ 


— 


— 


— 


_ 


0,6094 


0,6065 


0,6051 


0,6044 


0,604 3 


0,604 2 


0,64 


— 


— 


— 


— 


— 


— 


— 


0,6065 


0,605 1 


0,604 3 


0,604 2 


0,6041 


0,65 


— 


— 


— 


— 


— 


— 


__ 


0,6064 


0,605 


0,6041 


0,6040 


0,6040 


0,66 


— 


— 


— 


— 


— 


— 


— 


0,606 3 


0,604 8 


0,6039 


0,6038 


0,6038 


0,67 


— 


— 


— 


_ 


— 


— 


— 


0,606 1 


0,604 5 


0,603 7 


0,6035 


0,6035 


0,68 


— 


— 


— 


— 


— 


— 


— 


0,605 9 


0,604 2 


0,6033 


0,6032 


0,603 1 


0,69 


— 


— 


— 


— 


— 


— 


.... 


0,6055 


0,603 9 


0,602 9 


0,602 7 


0,602 7 


0,70 


„ 


— 


__ 


- 


— 


— 


„ 


0,605 1 


0,6034 


0,602 4 


0,602 2 


0,602 2 


0,71 


— 


— 


— 


— 


— 


— 


— 


0,604 6 


0,6028 


0,601 8 


0,601 6 


0,6016 


0,72 


— 


— 


— 


— 


— 


— 


.... 


0,604 


0,602 1 


0,601 1 


0,6009 


0,6009 


0,73 


— 


— 


— 


— 


— 


— 


— 


0,603 3 


0,601 4 


0,6003 


0,6001 


0,6000 


0,74 


— 


— 


— 


__ 


— 


— 


— 


0,602 5 


0,6005 


0,5993 


0,599 1 


0,5991 


0,75 


_ 


- 


- 


- 


- 


- 


- 


0,601 5 


0,5994 


0,598 3 


0,598 1 


0,598 


NOTE — This table is given for convenience. The values given t 


re not Inte 


nded for p 


reclse Inte 


rpolatlon. 


Extrapolation is not p 


emitted. 
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Table A.8 


— Ortflce plate with flange tappings — Discharge coefficient, C, for D = 250 mm 




Diameter 
ratio 


Discharge coefficient, C, for Re D equal to 




P 


5x10* 


1 x10* 


2x10* 


3x10* 


5x10* 


7 xlO* 


1 x 10* 


3x10* 


1 x10" 


1 x 10 7 


1 X10 8 


oo 


0,20 


— 


— 


0,5979 


0,5977 


0,5974 


0,597 3 


0,597 2 


0,597 1 


0,5970 


0,597 


0,5970 


0,5969 


0,22 


— 


— 


0,598 4 


0,598 1 


0,597 8 


0,597 7 


0,597 6 . 


0,597 3 


0,597 2 


0,597 2 


0,597 2 


0,597 2 


0,24 


— 


— 


0,5990 


0,5966 


0,598 2 


0,598 


0,597 9 


0,597 6 


0,5975 


0,597 5 


0,597 $ 


0,597 4 


0,26 


— 


— 


— 


0,5991 


0,598 7 


0,5985 


0,598 3 


0,598 


0,597 8 


0,597 7 


0,597 7 


0,597 7 


0,28 


— 


_ 


— 


0,5997 


0,5992 


0,5989 


0,598 7 


0,598 3 


0,598 1 


0,598 


0,598 


0,5980 


0,30 


— 


— 


— 


0,6003 


0,5997 


0,5994 


0,5992 


0,598 7 


0,5985 


0,5984 


0,5984 


0,598 4 


0,32 


— 


— 


_ 


— 


0,6003 


0,5999 


0,5997 


0,5991 


0,598 9 


0,598 7 


0,598 7 


0,598 7 


0,34 


— 


— 


— 


— 


0,6009 


0,6005 


0,6002 


0,5996 


0,5993 


0,599 1 


0,5991 


0,5991 


0,36 


— 


— 


— 


— 


0,6016 


0,601 2 


0,6008 


0,6001 


0,599 7 


0,5995 


0,5995 


0,5995 


0,36 


— 


— 


— 


— 


0,6024 


0,6018 


0,6014 


0,6006 


0,6002 


0,6000 


0,5999 


0,5999 


0,40 


— 


_ 


— 


__ 


— 


0,6025 


0,6020 


0,601 1 


0,6006 


0,6004 


0,6004 


0,6004 


0,42 


— 


— 


— 


— 


— 


0,6032 


0,6027 


0,601 6 


0,601 1 


0,6009 


0,6008 


0,6008 


0,44 


— 


— 


— 


— 


— 


0,6040 


0,6034 


0,602 2 


0,601 6 


0,601 3 


0,601 3 


0,601 3 


0,48 


— 


— 


— 


— 


_ 


0,604 8 


0,6041 


0,6028 


0,602 2 


0,601 8 


0,601 7 


0,601 7 


0,48 


— 


— 


— 


— 


_ 


— 


0,604 8 


0,6033 


0,602 7 


0,6023 


0,6022 


0,602 2 


0,50 


— 


— 


— 


— 


_ 


— 


0,6055 


0,6039 


0,6032 


0,602 7 


0,602 7 


0,6026 


0,51 


— 


— 


— 


— 


— 


— 


0,6059 


0,604 2 


0,6034 


0,6029 


0,602 9 


0,6029 


0,52 


— 


— 


— 


— 


— 


— 


0,6062 


0,6045 


0,603 6 


0,6032 


0,6031 


0,603 1 


0,53 


— 


— 


— 


— 


— 


— 


0,6066 


0,604 7 


0,6038 


0,6034 


0,603 3 


0,6033 


0,54 


— 


— 


— 


_ 


— 


— 


0,6069 


0,6050 


0,6041 


0,6035 


0,6035 


0,6034 


0,55 


— 


— 


— 


— 


— 


— 


0,6073 


0,6052 


0,6043 


0,603 7 


0,6036 


0,6036 


0,56 


— 


— 


— 


— 


— 


— 


0,607 6 


0,6054 


0,604 4 


0,6039 


0,6038 


0,6037 


0,57 


— 


— 


— 


— 


— 


— 


— 


0,6056 


0,6046 


0,604 


0,6039 


0,6039 


0,58 


— 


— 


— 


— 


— 


— 


— 


0,6058 


0,604 7 


0,6041 


0,6040 


0,6040 


0,59 


— 


— 


— 


— 


— 


— 


— 


0,6060 


0,604 8 


0,604 2 


0,6041 


0,6041 


0,60 


_ 


— 


— 


— 


— 


— 


„ 


0,6061 


0,604 9 


0,6042 


0,6041 


0,6041 


0,61 


— 


— 


— 


— 


— 


— 


— 


0,6062 


0,6050 


0,604 3 


0,6041 


0,6041 


0,62 


— 


— 


— 


— 


— 


— 


— 


0,6063 


0,605 


0,604 2 


0,6041 


0,6041 


0,63 


— 


— 


— 


— 


— 


— 


— 


0,6063 


0,604 9 


0,604 2 


0,604 


0,6040 


0,64 


— 


— 


— 


— 


— 


— 


„ 


0,6062 


0,604 8 


0,6041 


0,603 9 


0,6039 


0,65 


— 


— 


— 


— 


_ 


— 


_ 


0,6061 


0,604 7 


0,6039 


0,6037 


0,6037 


0,66 


— 


— 


— 


— 


— 


— 


— 


0,6060 


0,6045 


0,603 7 


0,6035 


0,6035 


0,67 


— 


— 


— 


— 


— 


— 


— 


0,6058 


0,6042 


0,6034 


0,6032 


0,6032 


0,68 


— 


— 


— 


— 


— 


— 


— 


0,6055 


0,6039 


0,6030 


0,6028 


0,602 8 


0,69 


— 


— 


— 


— 


— 


— 


— 


0,6051 


0,6035 


0,6025 


0,6024 


0,602 3 


0,70 


~ 


„ 


— 


— 


— 


_ 


— 


0,604 7 


0,602 9 


0^6020 


0,601 8 


0,6018 


0,71 


— 


— 


— 


— 


— 


— 


— 


0,6041 


0,6023 


0,6013 


0,601 1 


0,601 1 


0,72 


_ 


— 


— 


— 


— 


— 


— 


0,6035 


0,6016 


0,6006 


0,6004 


0,6003 


0,73 


— 


— 


— 


— 


— 


— 


— 


0,602 7 


0,6008 


0,5997 


0,5995 


0,5995 


0,74 


— 


— 


— 


— 


— 


— 


— 


0,601 8 


0,5998 


0,598 7 


0,598 5 


0,5965 


0,75 


- 


- 


- 




- 


- 


_ 


0,6008 


0,598 7 


0,597 6 


0,597 4 


0,597 3 


NOTE — This table Is given for convenience. The values given s 


re not Inte 


nded for precise Interpolation. Extrapolation Is not p 


ermitted. 
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Table A.9 


— Orifice plate with flange tappings — Discharge coefficient, C, for D — 375 mm 




Diameter 
ratio 


Discharge coefficient, C, for Re 


D equal to 









5x 10 3 


1 x 10* 


2x10* 


3x10* 


5x10* 


7 x10< 


1 x 10 s 


3 x 10 s 


1 x10« 


1 x 10 7 


1 x10« 


oo 


0,20 


_ 


— 


0,597 9 


0,597 7 


0,5974 


0,597 3 


0,597 2 


0,597 1 


0,5970 


0,597 


0,5970 


0,597 


0,22 


— 


— 


— 


0,5981 


0,597 8 


0,597 7 


0,597 6 


0,597 3 


0,5973 


0,597 2 


0,5972 


0,597 2 


0,24 


„ 


_ 


— 


0,5986 


0,598 2 


0,598 


0,597 9 


0,597 6 


0,5975 


0,5975 


0,5974 


0,5974 


0,26 


— 


— 


— 


— 


0,5987 


0,5985 


0,598 3 


0,5980 


0,597 8 


0,597 7 


0,597 7 


0,597 7 


0,28 


„ 


— 


— 


— 


0,5992 


0,598 9 


0,598 7 


0,598 3 


0,598 2 


0,5981 


0,598 


0,5980 


0,30 


— 


— 


_ 


— 


0,5997 


0,5994 


0,5992 


0,598 7 


0,5985 


0,5984 


0,5984 


0,5984 


0,32 


— 


— 


— 


— 


0,6003 


0,6000 


0,599 7 


0,5991 


0,598 9 


0,5988 


0,598 7 


0,598 7 


0,34 


— 


— 


— 


— 


— 


0,6005 


0,600 2 


0,5996 


0,5993 


0,5991 


0,5991 


0,5991 


0,36 


„ 


— 


„ 


— 


__ 


0,6012 


0,6008 


0,6001 


0,5997 


0,5995 


0,5995 


0,5995 


0,38 


— 


— 


— 


— 


— 


0,6018 


0,601 4 


0,6006 


0,6002 


0,6000 


0,599 9 


0,5999 


0,40 


— 


_ 


_ 


_ 


— 


— 


0,602 


0,601 1 


0,6006 


0,6004 


0,6004 


0,6003 


0,42 


— 


— 


— 


— 


— 


— 


0,602 7 


0,601 6 


0,601 1 


0,6009 


0,6008 


0,6008 


0,44 


— 


— 


— 


— 


— 


— 


0,6033 


0,6022 


0,6016 


0,601 3 


0,601 3 


0,6012 


0,46 


— 


— 


„ 


— 


— 


— 


0,6040 


0,602 7 


0,6021 


0,601 8 


0,6017 


0,6017 


0,48 


— 


— 


— 


— 


_ 


— 


__ 


0,603 3 


0,602 6 


0,602 2 


0,602 2 


0,602 2 


0,50 


_ 


__ 


— 


_ 


— 


_ 


__ 


0,6038 


0,603 1 


0,602 7 


0,602 6 


0,602 6 


0,51 


— 


— 


— 


— 


— 


— 


— 


0,6041 


0,6033 


0,602 9 


0,6028 


0,602 8 


0,52 


— 


— 


— 


— 


— 


— 


— 


0,6044 


0,6035 


0,6031 


0,6030 


0,6030 


0,53 


— 


— 


— 


._ 


— 


— 


— 


0,604 6 


0,6038 


0,6033 


0,6032 


0,6032 


0,54 


— 


— 


— 


— 


— 


_ 


— 


0,604 9 


0,6040 


0,6034 


0,6034 


0,603 3 


0,55 


_ 


— 


„ 


— 


— 


— 


_. 


0,6051 


0,6041 


0,6036 


0,6035 


0,6035 


0,56 


— 


— 


— 


— 


— 


— 


— 


0,6053 


0,6043 


0,603 7 


0,6036 


0,6036 


0,57 


— 


— 


_. 


_ 


— 


— 


— 


0,6055 


0,604 4 


0,6039 


0,6038 


0,603 7 


0,58 


— 


— 


— 


— 


— 


— 


— 


0,6056 


0,604 6 


0,6039 


0,603 8 


0,6038 


0,59 


— 


— 


— 


— 


— 


— 


— 


0,6058 


0,604 6 


0,6040 


0,6039 


0,6039 


0,60 


— 


_. 


_ 


„ 


_ 


__ 


_. 


0,6059 


0,604 7 


0,6040 


0,6039 


0,8039 


0,61 


— 


— 


_ 


— 


— 


— 


— 


0,6060 


0,604 7 


0,604 


0,6039 


0,6039 


0.62 


— 


— 


— 


— 


— 


— 


— 


0,6060 


0,604 7 


0,604 


0.6039 


0,6038 


0,63 


— 


— 


— 


— 


— 


— 


— 


0,6060 


0,604 6 


0,6039 


0,6038 


0,6037 


0,64 


— 


— 


— 


— 


— 


— 


— 


0,6059 


0,6045 


0,6037 


0,6036 


0,6036 


0,65 





_ 


— 


— 


— 


— 


_ 


0,605 8 


0,604 3 


0,6035 


0,6034 


0,6034 


0,66 


— 


— 


_ 


— 


— 


— 


— 


0,6056 


0,6041 


0,6033 


0,6031 


0,6031 


0,67 


— 


— 


— 


— 


— 


_ 


_ 


0,6054 


0,6038 


0,602 9 


0,602 8 


0,602 7 


0,68 


— 


— 


— 


— 


— 


— 


— 


0,6050 


0,6034 


0,6025 


0,602 3 


0,602 3 


0,69 


— 


— 


— 


— 


— 


— 


_ 


0,604 6 


0,6029 


0,602 


0,601 8 


0,601 8 


0,70 


— 


— 


_ 


_ 


_ 


— 


— 


0,6041 


0,6024 


0,601 4 


0,601 2 


0,6012 


0.71 


— 


— 


— 


— 


— 


_ 


— . 


0,6035 


0,6017 


0,6007 


0,6005 


0,6005 


0,72 


— 


— 


— 


_ 


— 


— 


- 


0,6028 


0,6009 


0,5999 


0,599 7 


0,5997 


0,73 


— 


— 


— 


— 


— 


— 


— 


0,602 


0,6000 


0,596 9 


0,5987 


0,598 7 


0,74 


— 


— 


-- 


— 


— 


— 


— 


0,6010 


0,5990 


0,597 9 


0,597 7 


0,597 6 


0,75 


- 




" 


- 


- 


_ 


- 


0,5999 


0,597 8 


0,5966 


0,5964 


0,5964 


NOTE — This table Is given for convenience. The values given are not Intended for p 


reclse Inte 


rpolation. 


Extrapolation Is not permitted. 
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Table A.10 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 760 mm 



Diameter 
ratio 


Discharge coefficient, C, for Re 


D equal to 






P 


5x103 


1 x10* 


2x10* 


3x 10* 


5x10< 


7 x10« 


1 x10 s 


3 x10 s 


1 x10« 


1 x10 7 


1 x 10» 


oo 


n ut 










M V*W * 


a ^m^ a 


A p> a«» a 


«. ^A^ 4 


A m**-m a 


A ^**-* «* 


^A^ *» 


a m*±* a 


*J,ZV 




— ' 


— 


~ 


u,a»/ * 


u,o»/ .3 


V,OVI & 


u,o»/ 1 


u,o»/ u 


V,OVf V 


U,3»/ U 


K>,9Vf U 


0,22 


— 


— 


— 


— 


0,597 8 


0,597 7 


0,5976 


0,597 4 


0,597 3 


0,597 2 


0,597 2 


0,5972 


0,24 


— 


— 


— 


- — 


— 


0,5981 


0,597 9 


0,597 7 


0,5975 


0,5975 


0,5975 


0,5975 


0,26 


— 


— 


— 


— 


— 


0,5985 


0,598 3 


0,5980 


0,597 8 


0,597 8 


0,597 7 


0,597 7 


0,28 


— 


— 


— 


— 


— 


_ 


0,598 7 


0,5983 


0,598 2 


0,598 1 


0,598 


0,598 


0,30 


— 


— 


— 


— 


— 


— 


0,5992 


0,5987 


0,5985 


0,598 4 


0,598 4 


0,598 4 


0,32 


— 


__ 


— 


— 


— 


— 


0,599 7 


0,599 1 


0,598 9 


0,598 8 


0,598 7 


0,598 7 


A 1A 
















r\ crwic 


ft cnn i 


ft CAA 4 


n cru\ * 


n cnn 4 


VTj*^T 
















Vf ,^09 V 


V^f93 s7 


w^^cr i 


u^ras i 


KlfJW 1 


0,36 


_ 


— 


— 


— 


— 


— 


— 


0,6001 


0,599 7 


0,5995 


0,5995 


0,5995 


0,38 


— 


— 


— 


— 


— 


— 


„ 


0,6005 


0,6002 


0,6000 


0,5999 


0,5999 


0,40 


— 


— 


— 


— 


— 


_ 


— 


0,6011 


0,6006 


0,6004 


0,6004 


0,6003 


0,42 


— 


— 


— 


— 


— 


— 


— 


0,601 6 


0,601 1 


0,6008 


0,6008 


0,6008 


0,44 


__ 


— 


— 


— ' 


— 


— 


— 


0,6021 


0,6016 


0,601 3 


0,601 2 


0,601 2 


0,46 


— 


— 


— 


— 


— 


— 


— 


0,602 7 


0,602 1 


0,6017 


0,6017 


0,6017 


0,48 


— 


— 


— 


— 


— 


— 


_ 


0,6032 


0,602 6 


0,6022 


0,6021 


0,602 1 


0,50 


— 


— 


— 


— 


— 


— 


— 


0,6038 


0,6030 


0,6026 


0,6025 


0,6025 


0,51 


— 


— 


— 


— 


— 


_ 


__ 


0,6040 


0,6033 


0,6028 


0,602 7 


0,602 7 


0,52 


— 


- 


— 


— 


— 


— 


— 


0,6043 


0,6035 


0,6030 


0,6029 


0,6029 


0,53 


— 


— 


— 


— 


— 


— 


— 


0,6045 


0,6037 


0,6032 


0,6031 


0,6031 


0,54 


— 


— 


— 


— 


— 


— 


— 


0,6048 


0,6038 


0,6033 


0,6032 


0,6032 


0.55 














_ 





— 


0,6050 


0,6040 


0,6035 


0,6034 


0,6034 


0£6 


— 


— 


— 


— 


— 


— 


— 


— 


0,604 2 


0,6036 


0,6035 


0,6035 


0,57 


— 


— 


— 


— 


— 


— 


— 


— 


0,6043 


0,8037 


0,6036 


0,6036 


0,58 


— 


— 


— 


— 


— 


— 


— 


— 


0,6044 


0,6038 


0,603 7 


0,6036 


0,59 


— 


— 


— 


— 


— 


— 


— 


— 


0,6045 


0,6038 


0,603 7 


0,603 7 


0,60 


— 


_ 


_ 


_ 


— 


_ 


— 


— 


0,6045 


0,6036 


0,603 7 


0,6037 


0,61 


— 


— 


— 


— 


— 


— 


— 


— 


0,6045 


0,6038 


0,6037 


0,6036 


0,62 


— 


— 


— 


— 


— 


— 


— 


— 


0,6044 


0,6037 


0,6036 


0,6036 


0,63 


— 


— 


— 


— 


— 


— 


— 


— 


0,6044 


0,6036 


0,6035 


0,6034 


0,64 


— 


— 


_ 


_ 


— 


— 


— 


— 


0,604 2 


0,6034 


0,6033 


0,6033 


0,65 


_ 


_ 


— 


— 


_ 


_ 


_ 


„ 


0,6040 


0,6032 


0,6030 


0,6030 


0,66 


*- 


— 


— 


— 


— 


— 


— 


— 


0,6037 


0,6029 


0,602 7 


0,602 7 


Qfif 


— 


— 


— 


— 


— 


— - 


— 


■■- 


U.6034 


0,6025 


0,6023 


0,6023 


0,68 


— 


— 


_ • 


— 


— 


_ 


— 


— 


0,602 9 


0,6020 


0,6019 


0,6018 


0,69 


— 


— 


— 


— 


— 


— 


— 


— 


0,602 4 


0,601 5 


0,601 3 


0,6013 


0,70 


~_ 


— 


_ 


„ 


_ 


~ 


_ 


_ 


0,6018 


0,6008 


0,6006 


0,6006 


0,71 


— 


— 


— 


— 


— 


— 


— 


— 


0,6011 


0,6001 


0,5999 


0,5998 


0,72 


— 


— 


_ 


_ _ 


— 


— 


— 


0,6002 


0,5992 


0,5990 


0,598 9 


0,73 


— 


— 


— 


— — 


— 


— 


— 


0,5992 


0,598 2 


0,598 


0,5979 


























U,f4 








~ 1 ~ 








U.35JO I 


U.DSJf V 


u,awo 


U,090 


0,75 


- 


- 


- 


t 


- 


- 


- 


0,5969 


0,5957 


0,5955 


0,5954 


NOTE — This table Is given tor convenience. The values given are not Inte 


nded for p 


reclse Inte 


rpolatlon. Extrapolatl 


on Is not permitted. 
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Table A.11 


— Orifice plate with flange tappings — Discharge coefficient, C, for D = 1 000 mm 




Diameter 
ratio 


Discharge coefficient, C, for Re D equal to 





5x 103 


1 x 10* 


2x10* 


3x10* 


5 x10* 


7 x10* 


1 x 10 s 


3 x 10' 


1 x 10» 


1 x 10 7 


1 x 10« 


oo 


0,20 


— 


— 


- 


- 


— 


0,597 3 


0,597 3 


0,597 1 


0,597 


0,5970 


0,5970 


0,597 


0,22 


— 


— 


— 


— 


— 


0,597 7 


0,597 6 


0,597 4 


0,597 3 


0,597 2 


0,5972 


0,597 2 


0,24 


— 


— 


— 


— 


— 


— 


0,597 9 


0,597 7 


0,597 5 


0,597 5 


0,597 5 


0,597 5 


0,26 


— 


— 


— 


— 


— 


— 


0,5983 


0,598 


0,597 8 


0,5978 


0,597 7 


0,597 7 


0,28 


— 


— 


_ 


— 


— 


— 


0,598 7 


0,598 3 


0,598 2 


0,598 1 


0,5980 


0,598 


0,30 


— 


— 


— 


— 


_ 


— 


_.. 


0,598 7 


0,598 5 


0,598 4 


0,5984 


0,5984 


0,32 


— 


— 


— 


— 


— 


— 


— 


0,5991 


0,598 9 


0,5988 


0,598 7 


0,598 7 


0,34 


— 


„ 


_ 


— 


— 


— 




0,5996 


0,5993 


0,599 1 


0,5991 


0,5991 


0,36 


— 


— 


- 


_ 


— 


— 


— 


0,6001 


0,5997 


0,5995 


0,5995 


0,5995 


0,38 


— 


— 


— 


_ 


— 


— 


— 


0,6005 


0,6002 


0,6000 


0,5999 


0,5999 


0,40 


— 


— 


— 


— 


„ 


_ 


— 


0,601 1 


0,6006 


0,6004 


0,6003 


0,6003 


0,42 


— 


— 


— 


— 


— 


— 


— 


0,601 6 


0,601 1 


0,6008 


0,6008 


0,6008 


0,44 


— 


— 


— 


— 


— 


— 


-r 


0,602 1 


0,601 6 


0,6013 


0,601 2 


0,601 2 


0,46 


— 


— 


— 


— 


— 


— 




0,602 7 


0,602 1 


0,601 7 


0,601 7 


0,601 7 


0,48 


_ 


■— 


._. 


— 


— 


— 


— 


0,603 2 


0,6026 


0,602 2 - 


0,602 1 


0,602 1 


0,50 


— 


— 


._ 


— 


„ 


— 


-_ 


0,603 8 


0,6030 


0,602 6 


0,602 5 


0,6025 


0,51 


— 


— 


~ 


— 


— 


— 






0,6032 


0,602 8 


0,602 7 


0,602 7 


0,52 


— 


— 


— 


— 


— 


— 


... 




0,6034 


0,603 


0,602 9 


0,6029 


0,53 


— 


— 


— 


— 


— 


.— 


.... 




0,6036 


0,603 2 


0,603 1 


0,6030 


0,54 


— 


— 


— 


— 


— 


— 


— ■ 




0;6038 


0,6033 


0,603 2 


0,6032 


0,55 


— 


— 


— 


— 


— 


— 






0,604 


0,6035 


0,6034 


0,6033 


0,56 


— 


— 


.... 


— 


— 


— 


.._ 




0,6041 


0,6036 


0,6035 


0,6035 


0,57 


— 


— 


— 


_. 


— 


_ 


— 


— 


0,6043 


0,6037 


0,6036 


0,6035 


0,58 


— 


— 


_ 


— 


— 


— 


— 


— 


0,6044 


0,603 7 


0,6036 


0,6036 


0,59 


— 


— 


__ 


— 


— 


— 


— 


— 


0,6044 


0,603 8 


0,603 7 


0,6036 


0,60 


— 


— 


— 


— 


— 


— 


— 


_ 


0,6044 


0,6036 


0,603 7 


0,6036 


0,61 


— 


— 


— 


— 


— 


_ 


_ 


— 


0,6044 


0,6037 


0,603 6 


0,6036 


0,62 


— 


— 


— 


— 


— 


— 


— 


— 


0,6044 


0,6037 


0,6035 


0,6035 


0,63 


_ 


— 


— 


„ 


__ 


— 


— 


— 


0,604 3 


0,6035 


0,6034 


0,6034 


0,64 


— 


— 


— 


— 


— 


— 


— 


— 


0,604 1 


0,6033 


0,603 2 


0,6032 


0,65 


— 


— 


— 


— 


— 


_. 


— 


— 


0,603 9 


0,603 1 


0,6030 


0,6029 


0,66 


— 


_ 


— 


— 


— 


— 


— 


— 


0,6036 


0,602 8 


0,6026 


0,6026 


0,67 


— 


— 


— 


— 


_ 


— 


— 


— 


0,6033 


0,602 4 


0,602 2 


0,6022 


0,68 


— 


— 


._ 


— 


— 


— 


— 


.,._ 


0,6028 


0,601 9 


0,601 8 


0,601 7 


0,69 


— 


— 


— 


— 


— 


— 


— 


— 


0,602 3 


0,601 4 


0,601 2 


0,601 1 


0,70 


— 


— 


— 


— 


— 


_ 


— 




0,6017 


0,6007 


0,6005 


0,6005 


0,71 


__ 


— 


— 


— 


_ 


— 


-- 


- 


0,6009 


0,5999 


0,599 7 


0,599 7 


0,72 


— 


— 


— 


— 


— 


— 


.... 


-„ 


0,6001 


0,5990 


0,598 8 


0,598 8 


0,73 


— 


— 


._. 


— 


— 


„ 


— 




0,5991 


0,5980 


0,597 8 


0,597 7 


0,74 


— 


— 


— 


— 


— 


— 


— 


— 


0,597 9 


0,5968 


0,5966 


0,5966 


0,75 


- 


_ 


- 


- 


- 


- 


- 




0,5966 


0,5955 


0,5953 


0,5952 


NOTE — This table Is given for convenience. The values given are not Intended for precise Interpolation. Extrapolation Is not permitted. 
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Table A.12 - 


ISA 1932 nozzle - 


Discharge coefficient, C 






Diameter ratio 






Discharge coefficient, C, tor Re D equal to 






P 


2 x 10 4 


3x10* 


5x 10 4 


7x10* 


1 x 10 s 


3 x10 5 


1 x 10» 


2 x 10* 


1 x t0 7 


0,30 
0,32 
0,34 
0,36 
0,38 


- 


- 


- 


0,9855 
0,9847 
0,983 6 
0,982 8 
0,981 6 


0,9865 
0,9858 
0,9850 
0,9840 
0,9830 


0,987 8 
0,987 3 
0,9866 
0,9859 
0,9849 


0,988 2 
0,987 7 
0,987 1 
0,9864 
0,9855 


0,988 3 
0,987 8 
0,987 2 
0,9865 
0,9856 


0,988 4 
0,987 9 
0,987 3 
0,986 6 
0,985 7 


0,40 
0,42 

0,44 


0,9616 


0,9692 


0,9750 


0,980 3 
0,978 9 
0,977 3 


0,981 8 
0,9805 
0,978 9 


0,9839 
0,982 7 
0,981 3 


0,9845 
0,983 3 
0,9820 


0,9846 
0,9834 
0,982 1 


0,984 7 
0,9835 
0,982 2 


0,45 
0,46 
0,47 
0,48 
0,49 


0,9604 
0,9592 
0,957 9 
0,9567 
0,9554 


0,9682 
0,967 2 
0,9661 
0,9650 
0,9638 


0,974 1 
0,973 1 
0,972 2 
0,971 1 
0,9700 


0,976 4 
0,9755 
0,974 6 
0,9736 
0,372 6 


0,978 1 
0,977 3 
0,9763 
0,9754 
0,9743 


0,9805 
0,979 7 
0,978 8 
0,977 9 
0,9769 


0,981 2 
0,9804 
0,9795 
0,978 6 
0,977 6 


0,981 3 
0,9805 
0,979 7 
0,978 7 
0,977 7 


0,981 4 
0,980 6 
0,979 7 
0,978 8 
0,977 8 


0,50 
0,51 
0,52 
0,53 
0,54 


0,954 2 
0,9529 
0,951 6 
0,9503 
0,9490 


0,962 6 
0,961 4 
0,960 2 
0,958 9 
0,957 6 


0,968 9 
0,967 8 
0,9665 
0,9653 
0,9639 


0,971 5 
0,9703 
0,969 1 
0,967 8 
0,9665 


0,973 3 
0,972 1 
0,9709 
0,9696 

0,968 3 


0,975 8 
0,974 7 
0,9735 
0,9722 
0,970 9 


0,9766 
0,9754 
0,974 3 
0,9730 
0,971 7 


0,976 7 
0,9756 
0,974 4 
0,973 1 
0,971 8 


0,9768 
0,975 7 
■ 0,974 5 
0,9732 
0,971 9 


0,55 
0,56 
0,57 
0,58 
0,59 


0,947 7 
0,9464 
0,9451 
0,9438 
0,9424 


0,956 2 
0,954 8 
0,9534 
0,952 
0,9505 


0,962 6 
0,961 1 
0,9596 
0,958 1 
0,9565 


0,9651 
0,963 7 
0,962 1 
0,9606 
0,958 9 


0,966 9 
0,9655 
0,963 9 
0,962 3 
0,9606 


0,9695 
0,968 
0,9664 
0,964 8 
0,9630 


0,9702 
0,968 8 
0,967 2 
0,9655 
0,963 8 


0,9704 
0,968 9 
0,967 3 
0,965 6 
0,963 9 


0,9705 
0,9690 
0,967 4 
0,9657 
0,964 


0,60 
0,61 
0,62 
0,63 
0,64 


0,9411 
0,9398 
0,938 5 
0,937 1 
0,935 8 


0,9490 
0,947 4 
0,945 8 
0,944 2 
0,942 5 


0,9548 
0,9531 
0,951 3 
0,9494 
0,9475 


0,957 2 
0,9554 
0,9535 
0,951 5 
0,9495 


0,958 8 
0,957 
0,9550 
0,9530 
0,950 9 


0,961 2 
0,959 3 
0,957 3 
0,9551 
0,952 9 


0,961 9 
0,9600 
0,957 9 
0,955 8 
0,9535 


0,9620 
0,960 1 
0,958 
0,955 9 
0,953 6 


0,9621 
0,9602 
0,958 1 
0,9560 
0,9537 


0,65 
0,66 
0,67 
0,68 
0,69 


0,9345 
0,9332 
0,931 9 
0,9306 
0,929 3 


0,9408 
0,9390 
0,937 2 
0,9354 
0,9335 


0,9455 
0,9434 
0,941 2 
0,939 
0,9367 


0,947 3 
0,945 1 
0,942 8 
0,9404 
0,937 9 


0,948 7 
0,946 4 
0,944 
0,941 4 
0,938 8 


0,9506 
0,948 1 
0,945 6 
0,942 9 
0,940 1 


0,951 1 
0,948 7 
0,946 
0,9433 
0,9405 


0,951 2 
0,948 7 
0,946 1 
0,9434 
0,9405 


0,951 3 
0,948 8 
0,9462 
0,9435 
0,9406 


0,70 
0,71 
0,72 
0,73 
0,74 


0,928 
0,926 8 
0,9255 
0,9243 
0,923 1 


0,9316 
0,9296 
0,927 6 
0,9256 
0,9235 


0,934 3 
0,931 8 
0,929 2 
0,9265 
0,923 8 


0,9353 
0,9326 
0,9298 
0,926 9 
0,9239 


0,936 1 
0,9332 
0,930 3 
0,927 2 
0,924 


0,937 2 
0,934 1 
0,930 9 
0,927 6 
0,924 1 


0,937 5 
0,934 4 
0,931 1 
0,927 7 
0,924 2 


0,937 5 
0,9344 
0,931 1 
0,927 7 
0,924 2 


0,937 6 
0,9344 
0,931 2 
0,927 8 
0,924 2 


0,75 
0,76 
0,77 
0,78 
0,79 


0,921 9 
0,920 7 
0,9195 
0,9184 
0,917 3 


0,921 3 
0,9192 
0,916 9 
0,914 7 
0,9123 


0,9209 
0,918 
0,9150 
0,91 1 8 
0,9086 


0,9208 
0,917 6 
0,914 2 
0,9107 
0,9071 


0,920 7 
0,917 2 
0,913 6 
0,9099 
0,9060 


0,920 5 
0,916 8 
0,912 8 
0,908 8 
0,904 5 


0,9205 
0,9166 
0,912 6 
0,908 4 
0,904 1 


0,9205 
0,9166 
0,912 6 
0,908 4 
0,904 


0,9205 
0,916 6 
0,9125 
0,908 3 
0,9040 


0,80 


0,9162 


0,9100 


0,9053 


0,9034 


0,9020 


0,9001 


0,8996 


0,8995 


0,899 4 


NOTE - This table is g 


iven for com 


/enlence. Th< 


j values give 


n are not int« 


inded for pre 


seise Interpol 


ation. Extrap 


olation is not 


permitted. 
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Table A.13 — Long radius nozzle — Discharge coefficient, C 



Diameter ratio 






Discharge coefficient, C, for Re D equal to 






P 


1 x 10* 


2x10* 


5x10* 


1 x 1C 


2 x 10' 


Sx 10« 


1 x 10* 


5 x 10* 


1 x 10 7 


0,20 
0,22 
0,24 
0,26 
0,28 


0,967 3 
0,9659 
0,9645 
0,963 2 
0,9619 


0,9759 
0,974 8 
0,9739 
0,9730 
0,972 1 


0,9834 
0,982 8 
0,9822 
0,981 6 
0,981 


0,987 3 
0,9868 
0,9864 
0,9860 
0,9856 


0,9900 
0,989 7 
0,989 3 
0,989 1 
0,988 8 


0,992 4 
0,9922 
0,9920 
0,991 8 
0,9916 


0,9936 
0,9934 
0,993 3 
0,9932 
0,993 


0,995 2 
0,9951 
0,9951 
0,9950 
0,995 


0,9956 
0,9955 
0,9955 
0,9954 
0,9954 


0,30 
0,32 
0,34 
0,36 
0,38 


0,9607 
0,9596 
0,9584 
0,957 3 
0,9562 


0,971 2 
0,9704 
0,9696 
0,968 8 
0,9680 


0,9805 
0,9800 
0,9795 
0,9790 
0,9785 


0,985 2 
0,984 8 
0,984 5 
0,984 1 
0,9838 


0,988 5 
0,988 2 
0,988 
0,987 7 
0,987 5 


0,9914 
0,991 3 
0,991 1 
0,9910 
0,9908 


0,992 9 
0,992 8 
0,992 7 
0,992 6 
0,992 5 


0,9949 
0,994 8 
0,994 8 
0,994 7 
0,9947 


0,9954 
0,995 3 
0,9953 
0,995 3 
0,9952 


0,40 
0,42 
0,44 
0,46 
0,48 


0,9552 
0,954 2 
0,9532 
0,952 2 
0,951 3 


0,967 3 
0,9666 
0,9659 
0,9652 
0,964 5 


0,9780 
0,977 6 
0.977 1 
0,9767 
0,9763 


0,9834 
0,983 1 
0,982 8 
0,9825 
0,982 2 


0,987 3 
0,987 
0,986 8 
0,9866 
0,9864 


0,990 7 
0,9905 
0,9904 
0,990 2 
0,9901 


0,992 4 
0,992 3 
0,992 2 
0,9921 
0,992 


0,994 7 
0,994 6 
0,994 6 
0,994 5 
0,994 5 


0,995 2 
0,9952 
0,9951 
0,9951 
0,9951 


0,50 
0,51 
0,52 
0,53 

0,54 


0,950 3 
0,9499 
0,9494 
0,9490 
0,948 5 


0,9639 
0,9635 
0,963 2 
0,962 9 
0,962 6 


0,975 9 
0,9756 
0,9754 
0,975 2 
0,9750 


0,981 9 
0,981 8 
0,981 6 
0,981 5 
0,981 3 


0,986 2 
0,986 1 
0,9860 
0,9859 
0,9858 


0,9900 
0,989 9 
0,9898 
0,989 8 
0,9897 


0,991 9 
0,991 8 
0,9918 
0,991 7 
0,9917 


0,9944 
0,994 4 
0,9944 
0,9944 
0,9944 


0,9950 
0,995 
0,9950 
0,995 
0^950 


0,55 
0,56 
0,57 
0,58 
0,59 


0,9481 
0,947 6 
0,947 2 
0,9468 
0,9463 


0.962 3 
0,9619 
0,961 6 
0,9613 
0,961 


0,974 8 
0,974 6 
0,9745 
0,974 3 
0.974 1 


0,981 2 
0,981 
0,9809 
0,9808 
0,9806 


0,985 7 
0,985 6 
0,9855 
0,9854 
0,9853 


0,9897 
0,9896 
0,9895 
0,9895 
0,9894 


0,9917 
0,9916 
0,9916 
0,991 5 
0,9915 


0,994 3 
0,994 3 
0,994 3 
0,9943 
0,9943 


0,9950 
0,9950 
0,9949 
0,9949 
0,9949 


0,60 
0,61 
0,62 
0,63 
0,64 


0,9459 
0,9455 
0,945 1 
0,944 7 
0,944 3 


0,9607 
0,9604 
0,9601 
0,9599 
0,9596 


0,9739 
0,973 7 
0,9735 
0,973 3 
0,973 1 


0,9805 
0,9804 
0,9802 
0,980 1 
0,9800 


0,9852 
0,985 1 
0,9850, 
0,9849 
0,984 8 


0,989 3 
0,9893 
0,9892 
0,9892 
0,9891 


0,991 4 
0,991 4 
0,9914 
0,991 3 
0,9913 


0,9942 
0,9942 
0,9942 
0,9942 
0,9942 


0,9949 
0,9949 
0,9949 
0,9949 
0,994 8 


0,65 
0,66 
0,67 
0,68 
0,69 


0,9439 
0,9435 
0,9430 
0,942 7 
0,9423 


0,9593 
0,9590 
0,958 7 
0,958 4 
0,958 1 


0,9730 
0,972 8 
0,9726 
0,9724 
0,972 2 


0,9799 
0,9797 
0,9796 
0,9795 
0,9793 


0,984 7 
0,984 6 
0,984 5 
0,984 5 
0,9844 


0,989 1 
0,9890 
0,988 9 
0,988 9 
0,988 8 


0,9912 
0,991 2 
0,991 2 
0,991 1 
0,991 1 


0,9941 
0,9941 
0,9941 
0,994 1 
0,9941 


0,9948 
0,9948 
0,994 6 
0,994 6 
0,994 8 


0,70 
0,71 
0,72 
0,73 
0,74 


0,941 9 
0,941 5 
0,9411 
0,940 7 
0,9403 


0,9579 
0,9576 
0,957 3 
0,9570 
0,9568 


0,972 1 
0,971 9 
0,971 7 
0,971 5 
0,971 4 


0,979 2 
0,979 1 
0,3790 
0,978 9 
0,978 7 


0,984 3 
0,9842 
0,984 1 
0,9840 
0,9839 


0,988 8 
0,988 7 
0,988 7 
0,9886 
0,9886 


0,991 
0,991 
0,991 
0,9909 
0,9909 


0,9941 
0,994 
0,994 
0,994 
0,994 


0,994 8 
0,9948 
0,994 7 
0,994 7 
0,994 7 


0,75 
0,76 
0,77 
0,78 
0,79 


0,9399 
0,9396 
0,9392 
0,938 8 
0,938 5 


0,9565 
0,956 2 
0,9560 
0,9557 
0,9555 


0,971 2 
0,971 
0,9709 
0,9707 
0,9705 


0,978 6 
0,978 5 
0,978 4 
0,978 3 
0,978 1 


0,9839 
0,9838 
0,983 7 
0,9836 
0,9835 


0,9885 
0,9884 
0,9884 
0,988 3 
0,988 3 


0,9908 
0,9908 
0,9908 
0,9907 
0,9907 


0,9940 
0,994 
0,9939 
0,9939 
0,9939 


0,994 7 
0,994 7 
0,994 7 
0,994 7 
0,994 7 


0,80 


0,938 1 


0,9552 


0,9704 


0,978 


0,9834 


0,988 2 


0,9907 


0,9939 


0,994 7 


NOTE - This table ts g 


tven for com 


/enlence. Th< 


5 values give 


n are not int< 


snded for pre 


seise Interpol 


ation. Extrap 


olation Is nol 


permitted. 
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Table A.14 


— Orifice plates — Expansibility [expansion] factor, c, 








Expansibility [expansion] factor, e,, for p z jp^ equal to 




Diameter ratio 






| P 4 


0,98 | 0,96 1 0,94 


0,92 I 0,90 | 0,85 I 0,80 


0,75 




for k = 1 ,2 


0,000 


0,000 


0,993 


0,986 


0,980 


0,973 


0,966 


0,949 


0,932 


0,915 


0,562 


0,100 


0,993 


0,985 


0,978 


0,970 


0,963 


0,944 


0,926 


0,907 


0,669 


0,200 


0,992 


0,984 


0,976 


0,968 


0,960 


0,940 


0,920 


0,900 


0,740 


0,300 


0,991 


0,983 


0,974 


0,966 


0,957 


0,936 


0,914 


0,893 


0,750 


0,316 


0,991 


0,983 


0,974 


0,965 


0,957 


0,935 


0,913 


0,892 




for k = 1,3 


0,000 


0,000 


0,994 


0,987 


0,981 


0,975 


0,968 


0,953 


0,937 


0,921 


0,562 


0,100 


0,993 


0,986 


0,979 


0,973 


0,966 


0,949 


0,932 


0,914 


0,669 


0,200 


0,993 


0,985 


0,978 


0,970 


0,963 


0,945 


0,926 


0,908 


0,740 


0,300 


0,992 


0,984 


0,976 


0,968 


0,960 


0,941 


0,921 


0,901 


0,750 


0,316 


0,992 


0,984 


0,976 


0,968 


0,960 


0,940 


0,920 


0,900 




for k = 1 ,4 


0,000 


0,000 


0,994 


0,988 


0,982 


0,977 


0,971 


0,956 


0,941 


0,927 


0,562 


0,100 


0,994 


0,987 


0,981 


0,975 


0,968 


0,952 


0,936 


0,921 


0,669 


0,200 


0,993 


0,986 


0,979 


0,973 


0,966 


0,949 


0,931 


0,914 


0,740 


0,300 


0,993 


0,985 


0,978 


0,971 


0,963 


0,945 


0,926 


0,908 


0,750 


0,3t6 


0,993 


0,985 


0,978 


0,970 


0,963 


0,944 


0,926 


0,907 




for k = 1,66 


0,000 


0,000 


0,995 


0,990 


0,985 


0,980 


0,975 


0,963 


0,951 


0,938 


0,562 


0,100 


0,995 


0,989 


0,984 


0,979 


0,973 


0,960 


0,946 


0,933 


0,669 


0,200 


0,994 


0,988 


0,983 


0,977 


0,971 


0,957 


0,942 


0,928 


0,740 


0,300 


0,994 


0,988 


0,981 


0,975 


0,969 


0,953 


0,938 


0,922 


0,750 


0,316 


0,994 


0,987 


0,981 


0,975 


0,969 


0,953 


0,937 


0,922 


NOTE — This table Is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.15 - 


- Nozzles 


Venturl nozzles and Venturi tubes — Expansibility [expansli 


9n] factor, 


e 1 


nlinuli 


U> MtlA 


1,00 


0,98 


Expansibility [expansion] factor, e,, tor p 2 \p y equal to 

0,98 i 0,94 | 0,92 I 0,90 I 0,85 I 0,80 


0,75 


' I 


P 




for it « 1,2 


0,000 


0,000 


1,000 


0,987 


0,975 


0,962 


0,949 


0,936 


0,903 


0,869 


0,834 


0,562 


0,100 


1,000 


0,986 


0,971 


0,957 


0,942 


0,928 


0,891 


0,854 


0,817 


0.669 


0.200 


1.000 


0.983 


0.967 


0.950 


0.934 


0.918 


0.877 


0.837 


0.797 


0,740 


0,300 


1,000 


0,981 


0,961 


0,942 


0,924 


0,905 


0,860 


0,816 


0,773 


0,795 


0,400 


1,000 


0,977 


0,954 


0,932 


0,911 


0,890 


0,839 


0,791 


0,745 


0,800 


0,410 


1,000 


0,976 


0,953 


0,931 


0,909 


0,888 


0,837 


0,788 


0,742 




for k = 1,3 


0,000 


0,000 


1,000 


0,986 


0,977 


0,965 


0,953 


0,941 


0,910 


0,878 


0,846 


0,562 


0,100 


1.000 


0,987 


0,973 


0,960 


0,947 


0,933 


0,899 


0,864 


0,829 


0,669 


0,200 


1,000 


0,985 


0,969 


0,954 


0,939 


0,924 


0,886 


0,848 


0,810 


0,740 


0,300 


1,000 


0,982 


0,964 


0,947 


0,929 


0,912 


0,870 


0,828 


0,787 


0,795 


0,400 


1,000 


0,978 


0,957 


0,937 


0,917 


0,897 


0,850 


0,804 


0,760 


0,600 


0,410 


1,000 


0,978 


0,957 


0,936 


0,915 


0,895 


0,647 


0,801 


0,757 




for k - 1,4 


0,000 


0,000 


1,000 


0,989 


0,978 


0,967 


0,956 


0,945 


0,916 


0,886 


0,856 


0,562 


0,100 


1,000 


0,988 


0,975 


0,963 


0,950 


0,938 


0,906 


0,873 


0,840 


0,669 


0,200 


1,000 


0,986 


0,971 


0,957 


0,943 


0,929 


0,893 


0358 


0,822 


0,740 


0,300 


1,000 


0,983 


0,967 


0,950 


0,934 


0,918 


0,878 


0,839 


0,800 


0,795 


0,400 


1,000 


0,960 


0,960 


0,941 


0,922 


0,904 


0,859 


0,815 


0,773 


0,800 


0,410 


1,000 


0,980 


0,960 


0,940 


0,921 


0,902 


0,857 


0,613 


0,770 




for k = 1 ,66 


0,000 


0,000 


1,000 


0,991 


0,982 


0,972 


0,963 


0,953 


0,929 


0,903 


0,877 


0,562 


0,100 


1,000 


0,990 


0,979 


0,969 


0,958 


0,947 


0,920 


0,892 


0,863 


0,669 


0,200 


1,000 


0,988 


0,976 


0,964 


0,952 


0,939 


0,909 


0,878 


0,646 


0,740 


0,300 


1,000 


0,986 


0,972 


0,958 


0,944 


0,930 


0,895 


0,861 


0,826 


0,795 


0,400 


1,000 


0,983 


0,966 


0,950 


0,934 


0,918 


0,878 


0,840 


0,802 


0,800 


0,410 


1,000 


0,983 


0,966 


0,949 


0,932 


0,916 


0,876 


0,837 


0,799 


NOTE - T 


his table is g 


iven for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.16 — Venturl nozzles — Discharge 
coefficient, C 



Diameter ratio 


Discharge coefficient 


P 


C 


0,316 


0,984 7 


0,320 


0,984 6 


0,330 


0,984 5 


0,340 


0,984 3 


0,350 


0,984 1 


0,360 


0,983 8 


0,370 


0,9836 


0,380 


0,9833 


0,390 


0,9830 


0,400 


0,9826 


0,410 


0,9823 


0,420 


0,981 8 


0,430 


0,981 4 


0,440 


0,9809 


0,450 


0,9804 


0,460 


0,9798 


0,470 


0,9792 


0,480 


0,978 6 


0,490 


0,977 9 


0,500 


0,977 1 


0,510 


0,9763 


0,520 


0,9755 


0,530 


0,974 5 


0,540 


0,9736 


0,550 


0,972 5 


0,560 


0,971 4 


0,570 


0,9702 


0,580 


0,968 9 


0,590 


0,967 6 


0,600 


0,966 1 


0,610 


0,964 6 


0,620 


0,9630 


0,630 


0,9613 


0,640 


0,9595 



0,650 
0,660 
0,670 
0,680 
0,690 

0,700 
0,710 
0,720 
0,730 
0,740 

0,750 
0,760 
0,770 

0,775 



0,957 6 
0,9556 
0,9535 
0,951 2 
0,948 9 

0,9464 
0,9438 
0,9411 
0,938 2 
0,9352 

0,932 1 
0,926 8 
0,925 3 

0,9236 



NOTE — This table is given for convenience. The values given 
are not Intended for precise Interpolation. Extrapolation Is not 
permitted. 
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Annex B 

(informative) 

Classical Venturi tubes used outside the scope of this part of ISO 5167 



B.1 General 

As indicated in 10.1.5.1 the effects of Re D , kjD and 
/? on C are not yet known well enough to allow 
standardization outside the limits specified in this 
part of ISO 5167. 

The aim of this annex is to summarize the data 
which can be used from all the results available; the 
values or the direction of variation of discharge co- 
efficients and the uncertainties are given in terms 
of the various parameters {/?, Re D and kjD) in order 
to allow an assessment of the rate of flow. These 
various effects are dealt with separately although 
some results show that they are not independent. 

In particular, the number of tests available on Ihis 
subject is small and these tests were mostly carried 
out on Venturi tubes whose geometry was not 
strictly in accordance with this part of ISO 5167. As 
a result the reliability not only of the discharge co- 
efficients but also of the uncertainties is relatively 
low. 

B.2 Effects of the diameter ratio p 

From an examination of the results available for 
Venturi tubes with diameter ratios of approximately 
{! — 0,75 12) and above, it has been noted that the 
spread of measured -discharge coefficients is wider 
than for smaller diameter ratios. Hence an increase 
in the uncertainty on the discharge coefficient 
should be assumed. 

In order to allow an assessment of the uncertainty 
on the rate of flow, it is recommended to double the 
uncertainty on C when /? is greater than the maxi- 
mum permissible value. 



B.3 Influence of the Reynolds number 

Re D 

B.3.1 General 

The influence of the Reynolds number Re D varies 
according to the type of classical Venturi tube. It is 
shown by a variation in the discharge coefficient and 
by an increase in the uncertainty. 

This variation is larger when Re D is less than the 
specified minimum of Re D than when Re D is greater 
than the specified maximum of Re D . 

B.3.2 Classical Venturi tube with a rough-cast 
convergent section 

The influence of the Reynolds number is as de- 
scribed below. 

When Re D decreases below 2 x 10 5 , the discharge 
coefficient C decreases and the uncertainty in- 
creases. 

When Re D increases above 2 x 10 6 , the discharge 
coefficient does not appear to change with Reynolds 
number nor does the uncertainty. 

For an approximate estimation of the rate of flow, 
the values of the discharge coefficient C and the 
uncertainty given as guidance in table B.1 may be 
used. 



Table B.1 — Values of the discharge coefficient C 
and the uncertainty as a function of Re D 



Re n 


C 


Uncertainty 

% 


4 x 10 4 

6 x 10* 

1 x 10* 

1,5 x 10 5 


0,957 
0,966 
0,976 
0,982 


2,5 
2 

1.5 

1 



12) Values given below are based on tests carried out on Venturi tubes of diameter ratio /? up to 0,8. 
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B.3.3 Classical Venturl lube with a machined 
convergent section 

The influence of the Reynolds number is as de- 
scribed below. 

When Re D decreases below 2 x 10 5 , it is often found 
that there is a small increase in the discharge coef- 
ficient C before there is a steady decrease with de- 
creasing Re D . The uncertainty on C increases slowly 
at first and then rapidly. 

When Re D increases above 2 x 10 e , it is found occa- 
sionally that there is a slight increase in C with 
Re D ; the uncertainty on C also increases slightly. 

The position of the highest point of a curve of the 
values of C and the uncertainty with respect to the 
Reynolds number Re d corresponds to values of Re d 
lying between 2 x 10 5 and 4 x 10 5 . 

It is believed that there is sufficient evidence avail- 
able to justify the statement that the discharge co- 
efficient of this type of Venturi tube is a function of 
Re d (the Reynolds number based on the throat di- 
ameter) and not a function of Re D . The results avail- 
able show that better correlation is achieved in 
terms of Re d than in terms of Re D . 

In order to allow an assessment of the rate of flow 
the values of the discharge coefficient and the un- 
certainty, given as guidance in table B.2, may be 
used. 



Table B.2 — Values of the discharge coefficient C 


and the uncertainty as a function of Re d 






Uncertainty*') 


Re d 


C 


% 


5x 10< 


0,970 


3 


1 x 10 s 


0,977 


2,5 


2 x 10' 


0,992 


2,5 


3 x 10' 


0,998 


1,5 


5x 10 3 


0,995 


1 


*> For tow Reynolds numbers, the spread of the exper- 


imental results Is not a Gaussian distribution, the mean devi- 


ation of results smaller than the mean value of C being 


greater than that of greater values. 



B.3.4 Classical Venturi tube with a 
rough-welded sheet-Iron convergent section 

The influence of the Reynolds number is as de- 
scribed below. 

When Re D decreases below 2 x 10 5 the discharge 
coefficient C decreases slightly while the uncertainty 
on C increases. 

Although there is relatively less information on this 
type of Venturi tube, the values of the discharge co- 



efficient and the uncertainty, given as guidance in 
table B. 3, may be used to obtain an estimate of the 
rate of flow. 



Table B.3 — Values of the discharge coefficient C 
and the uncertainty as a function of Re D 



Re n 


C 


Uncertainty 

% 


4 x 10 4 
6 x 10* 
1 x 10 s 


0,96 
0,97 
0,98 


3 

2,5 
2,5 



The discharge coefficient does not appear to change 
when Re D is greater than 2 x 10 6 . 

Above Re D - 2 x 10 6 , it is advisable to take the un- 
certainty as equal to 2 %. 

IM Effects of the relative roughness kjD 

B.4.1 Roughness of the classical Venturi tube 

It can be said that an increase in the convergent 
section roughness reduces the discharge coefficient 
C. From present knowledge, it is not possible to de- 
termine the value of this reduction, but it does not 
seem to exceed 2 %. 

Classical Venturi tubes with a machined convergent 
section seem to be more sensitive to this effect than 
classical Venturi tubes with an "as cast" or rough- 
welded sheet-iron convergent section. 

The pressure loss of the Venturi tube is also in- 
creased by an increase in the roughness. 

B.4.2 Roughness of the upstream pipe 

An increase in the roughness of the upstream pipe 
produces an increase in the discharge coefficient C 
of the classical Venturi tube. It appears that this ef- 
fect becomes all the more marked as /? increases. 

There are insufficient satisfactory data to provide 
quantitative results on this subject. 

In order to allow an estimation of the discharge co- 
efficient and the uncertainty, it may be noted that 
transfer from a hydraulically smooth pipe to a pipe 
the relative roughness of which is 5 x 10~ 4 can in- 
volve increases in the discharge coefficient ranging 
from 0,2 % to 0.7 % for = 0,5. 

From present knowledge in this field, it is rec- 
ommended to increase the uncertainty on C by a 
quantity equal to at least half the correction made 
on C. 
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Annex C 

(informative) 

Pressure loss in a classical Venturi tube 



NOTE 8 All values mentioned in this annex are given for 
guidance only (see 10.1.9.2). 

C.1 Mean value of the pressure loss and 
influence of the relative roughness 

For a classical Venturi tube with a total angle of the 
divergent section equal to 7° and a pipe Reynolds 
number Re D greater than 10 e , the relative pressure 
loss £ = (Ap" - Ap')j&p generally lies in the hatched 
area shown on figure C. 1a). The values of £ close to 
the upper threshold of this area meet for the upper 
values of the relative roughness kfD and, therefore, 
for a given manufacturing design for the classical 
Venturi tube the diameters of which are the small- 
est. 

C.2 Influence of the Reynolds number 

For a given Venturi tube, the value of £ decreases 
when Re D increases ^nd it seems to reach a limiting 



value above a bout Re D = W . Figure C.1b) gives an 
approximation of how the ratio of £ to its limiting 
values varies. 

C.3 Influence of the angle of the divergent 
section 

The relative pressure loss increases with the angle 
of the divergent section. Figure C.1c) shows, every- 
thing else being equal, the ratio of the values of £ for 
two Venturi tubes having angles of the divergent 
section <p equal to 15° and 7°. 

C.4 Influence of the truncation 

No precise indication is at present available on the 
pressure loss of a truncated Venturi tube. It is con- 
sidered, however, that the length of the divergent 
section can be reduced by about 35 % without a 
significant increase in the pressure loss. 
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0.1 0.2 0.3 0,4 0.S 0.6 0,7 fl 

a) Effect of the diameter ratio /? and the relative roughnett k/D 
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b) Effect of the Reynolds number tte D 
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0,2 0.3 0.4 0.5 0.6 0,7 ft 

c) Effect of the angle of the divergent tp 

Figure C.1 — Values of the pressure loss across a classical Venturl tube 
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Annex D 

(informative) 

Iterative computations 



An iterative computation procedure is required 
when a problem cannot be solved by direct calcu- 
lation methods (see 5.3). 

Taking the case for orifice plates for instance, iter- 
ative computations are always required to calculate 

— the flow-rate q m at given values of fi v g^, D, Ap 
and d t 

— the orifice diameter d and /? at given values of 
Hi, qi, D, A/> and q mt 

— the differential pressure &p at given values of 
ji,, si. D, rfand q m , 

— the diameters D and d at given values of /i t , e 1( 
/?, Ap and q m . 

The principle is to regroup in one member all known 
values of the basic flow-rate equation: 

?m =C E ,-2-rf J (l-/0-°' 5 (2W" 

and the unknown values in the other member. 

The known member is then the "invariant" of the 
problem. 

Then a first guess A', is introduced into the unknown 
member and results in a difference <5 1 between the 



two members. Iterative computation enables a sec- 
ond guess X 2 to be substituted to obtain <5 2 . 

Then X 1t X 2 , <$i and S 2 are entered into a linear al- 
gorithm which computes X 3 ... X n and <5 3 ... 6 n until 
|<5J is smaller than a given value, or until two suc- 
cessive values of X or of S are seen to be "equal" 
for a given precision. 

An example of a linear algorithm with rapid conver- 
gence is 



X =X 



l B--1 



l n-2 



n - 1 



'n 1 



^n - 1 - &n - : 



If. the computations are carried out using a pro- 
grammable numeric calculator, the use of a linear 
algorithm reduces only slightly the resulting calcu- 
lations by successive substitutions in the case of 
computations found in applications relative to this 
part of ISO 5167. 

Note that the values of d, D and /? to be introduced 
in the calculations are those prevailing under the 
"working conditions" (see 5.3, note 4). 

For orifice plates, if the plate and the metering tube 
are made of different materials, it is possible that 
the variation in (I due to the working temperature is 
not negligible. 

Examples of full schemes for iterative computations 
are given below in tabular form. 
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0> 

no 



to to 



Problem 


<? = 


<*=s 


Ap = 


£>~ 


At given values of 


/H. 01. A 4 Ap 


Ah. 01. A tf m , Ap 


A*i. Si. A 4 ?„ 


AH- 01- £' ?m- Ap 


Please find 


<7™ a™* ?v 


</and£ 


Ap 


D and</ 


Invariant 


. ^ 






-^(^)" 


4^« 




y/2ApQ A 




fitei) 


m yj2ApQ, 


mDJi-0* 


Dy/2ApQ, 


«mVi-^ 


Iteration equation 


-*f*U Al 
c M1 




-rr = A, 

6 1 


^-A 


Variable in linear algorithm 


^=«/ie = s CA 1 




x f *2 


Ar=Ap = e7 A3 


X=Re D **yjCPn 


Vi-^ 4 C£1 


Precision criterion (Where n is 
chosen by the user) 




1 C 
Ai 


<1 x10"" n 




A £_ 

A 2 


<1 x10 " 




A L- 

£ 1 


<1 x10 " 




A * c 

A* 


<1 xlO - " 


A3 


First guess 


C = C« 


C = 0,606 
s 1 = 0,97 (Of 1) 


*i = 1 


D = 00 (if flange tappings) 


Results 


qv= 17 


, x 0,25 

/? = _ 


Ap = * 

If the fluid is a liquid, Ap is ob- 
tained in first loop. 


4 = 0Z> 
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Annex E 

(informative) 

Examples of values of the pipe wall uniform equivalent roughness, k 



Table E.1 - Values of k 



Values In millimetres 



Material 


Condition 


k 


Brass, copper, alumin- 
ium, plastics, glass 


smooth, without sediment 


<0,03 


Steel 


new, seamless cold drawn 

new, seamless hot drawn 1 

new, seamless rolled K 

new, welded longitudinally J 

new, welded spirally 

slightly rusted 

rusty 

encrusted 

with heavy encrustation 

bitumlnized, new 

bituminized, normal 

galvanized 


<0,03 
0,05 to 0,10 

0,10 

0,10 to 0,20 

0,20 to 0,30 

0,50 to 2 

>2 
0,03 to 0,05 
0,10 to 0,20 

0,13 


Cast Iron 


new 
rusty 
encrusted 
bituminized, new 


0,25 

1,0 to 1,5 

>1,5 

0,03 to 0,05 


Asbestos cement 


coated and not coated, new 
not coated, normal 


<0,03 
0,05 
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AMENDMENT 1 



Page 3> clause 1, paragraph 2, last-line 
Delete "3 150" and substitute "4 000". 



Page 12, Table 1 






Add a new row 


at the top of tablel , witl 


Column 




Insert figures 


1 




0,10 




2 




10 


(6) 


3 




14 


(7) 


4 




34 


(17) 


5 




5 




6 




16 


(8) 


7 




18 


(9) 


8 




12 


(6) 


9 




blank 




10 




blank 




11 




blank 




12 




4 


(2) 



Page 12, Table 1 
Add the following text: 

"NOTE 4 For each type of primary device, not all values of /J are permissible." 

Page 20, subclause 8. 1. 7. 1 , line 3 
Delete "0,20" and substitute "0,10". 
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Pages 23, 24 and 25, subclause 8.3 

Deiete existing subclause 8.3 (8.3.1, 8.3.2 and 8.3.3) and substitute the following; 
8.3 Coefficients and corresponding uncertainties of orifice piates 
8.3.1 Limits of use 

Standard orifice plates shall only be used in accordance with this part of ISO 5167 under the following conditions. 

a) For orifice piates with corner or with D and £>/2 pressure tappings: 

ds* 12,5 mm 

50 mm =s D ^ 1 000 mm 

r\ j -— n _~ r% ~tr~ 

U, I =ss p == U,/Q 

He D ^4 000forO,1 *£0*sO,5 
f?e D ^16 000/for/J>0,5 

b) For orifice plates with flange tappings: 

d ^ 12,5 mm 

50 mm ^D«1 000 mm 



0,1 ^ /5 ^ 0,75 

Fte D > 4 000 and Re i*W0p*D 
where D is expressed in millimetres. 
In addition, the relative roughness shall conform with the values in table 3. 



Table 3 — Uooer limits of relative rouahness of the upstream Dice line for orifice olates 



p 


«rn q I 


n qo 


f\ 1A 


n oc I 


n oa 


n /i 


n ac 


f\ c 


n c 


n "7c 


10 4 kID 


25 


18,1 


12,9 


10,0 


8,3 


7,1 


5,6 


4,9 


4,2 


4,0 



The value of the uniform equivalent roughness, k, expressed in length units, defends on several factors such as 
height, distribution, angularity and other geometric aspects of the roughness elements of the pipe wall. 

A full-scale pressure loss test of a sample length of the particular pipe should be carried out to determine the value 
of/c. 

However, approximate values of k for different materials can be obtained from the various tables given in reference 
literature, and table E.1 gives values of k for a variety of materials, as derived from the Colebrook formula. 

Most of the experiments on which the values of C given in this part of ISO 5167 are based were carried out in pipes 
with a relative roughness 

"%. k/D *s 3.8 xlO- 4 
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as regards corner tappings, or 

A/0*£lOx1O~ 4 

as regards flange tappings or and 0/2 pressure tappings. 

Pipes with higher relative roughness may be used if the relative roughness is within the limits given above for at 
least 10D upstream of the orifice plate. 

8.3.2 Coefficients 

8.3.2.1 Discharge coefficient, C 

The discharge coefficient, C, is given by the Reader-Harris/Gallagher equation: 

C = 0,5961 + 0.0261/3 2 -0,216£ 8 



+0,000521 



'ioV 



[Re D 



0,7 



+ (O,O188 + O,OO634)0 3 ' 5 
+(0,043 + 0,080e" 10Ll - 0,123e" 7Ll )(1 - 0,1 U) 
-0,031{Af2-0,8M' 2 1 ' 1 )/3 13 



'jO^ 
,Re D 

1-j8 4 



0,3 



In the case where D < 71 ,12 mm (2,8 in), the following term should be added to the above equation: 
+0,01 1(0,75 - m 2,8 (0 is expressed in millimetres) 

where 

/} = d/D is the diameter ratio; 

Re D is the Reynolds number related to 0; 

'19000 j3 



A = 



M 2 = 



Re D 

2L' 2 . 
1-/J* 



L, = //0 is the quotient of the distance of the upstream tapping from the upstream face of the plate and the 
pipe diameter; 

L' 2 = I'JD is the quotient of the distance of the downstream tapping from the downstream face of the plate, 
and the pipe diameter (L' 2 denotes the reference of the downstream spacing from the downstream 
face, while L, would denote the reference of the downstream spacing from the upstream face). 
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The values of L.and i' z to be used in this equation, when the spacings are in accordance with the requirements of 
8.2.1 .2, 8.2.1 .3. or 8.2.2, are as follows: 

— for corner tappings: 

— for D and D/2. tappings: 

L' 2 =0,47 

— for flange tappings: 

Lt-L 2 - — 

where D is expressed in millimetres. 

The Reader-Harris/Gallagher equation is only valid for the tapping arrangements defined in 8.2.1 or 8.2.2. In 
particular, it is not permitted to enter into the equation pairs of values of Z^and L\ which do not match one of the 
three standardized tapping arrangements. 

This formula, as well as the uncertainties given in 8.3.3, is only valid when the measurement meets all the limits of 
use specified in 8.3.1 and the general installation requirements specified in clause 7. 

Values of C as a function of J3, Re and D are given for convenience in tables A.1 to A.1 1 . These values are not 
intended for precise interpolation. Extrapolation is not permitted. 

8,3.2.2 Expansibility [expansion] factor, e % 

For the three types of tapping arrangement, the empirical formula for computing the expansibility [expansion] factor, 
£,, is as follows: 

E^i-fCHi+o^s/j 4 ;-^- 
m 

This formula is applicable only within the range of the limits of use specified in 8.3.1 . 

Test results for the determination of e, are only known for air, steam and natural gas. However, there is no known 
objection to using the same formula for other gases and vapours the isentropic exponent of which is known. 

Meanwhile, the formula is applicable only if Pj/p, ^ 0,75. 

Values of the expansibility [expansion] factor as a function of the isentropic exponent, the pressure ratio and the 
diameter ratio are given for convenience in table A.1 4. These values are not intended for precise interpolation. 
Extrapolation is not permitted. 

Note that 

£ 2 =£1 /1 + — - 
V Pi 
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8.3.3 Uncertainties 

8.3.3.1 Uncertainty of discharge coefficient C 

For all three types of tapping, when ($, D, Re D and k/D are assumed to be known without error, the relative 
uncertainty of the value of C is equal to 

0,5 % for 0=s 0,6 

(1 ,667 - 0,5) % for 0,6 < ^ 0,75 

8.3.3.2 Uncertainty of expansibility [ expansion] factor e, 

When j3, Ap/p, and jc are assumed to be known without error, the relative uncertainty, in percent, of the value of £ t is 
equal to 

PI 



Pages 41 to 51, Annex A, Tables A. 1 to A 11 

Delete existing Tables A.1 to A.1 1 and substitute the following new versions. 



Pageez, Annex D, Table D. 1 

In the 3rd column headed "d = ", in the 7th row headed "Precision criterion (where n is chosen by the user) ".delete the 
expression 



A 2 - 



Ce-j 



<1x10" 



and substitute 



A 2 -XCe^ 
A 2 



<1x10" 
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Table A.1 — Orifice plate with corner tappings - Discharge coefficient, C, for D s* 71 ,12 mm 

Diameter Discharge coefficient, C, for Re D equal to 

ratio 

5x1C 3 1x10* 2x10 4 3x10 4 5x10* 7x10 4 1x10 5 3x10 5 1x10 s 1x10 r 1x10 s 



0,10 
0,12 
0,14 
0,16 
0,18 

0,20 
0,22 
0,24 
0,26 
0,28 

0,30 
0,32 
0,34 
0,36 
0,38 

0,40 
0,42 
0,44 
0,46 
0,48 

0,50 
0,51 
0,52 
0,53 



0,6006 
0,6014 
0,6021 
0,6028 
0,6036 

0,6045 
0,6053 
0,6062 
0,6072 
0,6083 

0,6095 
0,6107 
0,6120 
0,6135 
0,6151 



0,6276 
0,6289 
0,6302 
0,6316 



0,5990 
0,5995 
0,6000 
0,6005 
0,6011 

0,6017 
0,6023 
0,6030 
0,6038 
0,6046 

0,6054 
0,6063 
0,6073 
0,6084 
0.6096 



0,5980 
0,5983 
0,5987 
0,5991 
0,5995 

0,6000 
0,6005 
0,6010 
0,6016 
0,6022 

0,6029 
0,6036 
0,6044 
0,6053 
0,6062 



0,5976 
0,5979 
0,5982 
0,5985 
0,5989 

0,5993 
0,5998 
0,6002 
0,6007 
0,6013 

0,6019 
0,6026 
0,6033 
0,6040 
0,6049 



0,5972 
0,5975 
0,5977 
0,5980 
0,5983 

0,5987 
0,5991 
0,5995 
0,5999 
0,6004 

0,6010 
0,6016 
0,6022 
0,6029 
0,6036 



0,5970 
0,5973 
0,5975 
0,5978 
0,5981 

0,5984 
0,5987 
0,5991 
0,5996 
0,6000 

0,6005 
0,6011 
0,6017 
0,6023 
0,6030 



0,5969 
0,5971 
0,5973 
0,5976 
0,5978 

0,5981 
0,5985 
0,5988 
0,5992 
0,5997 

0,6001 
0,6006 
0,6012 
0,6018 
0,6024 



0,5966 
0,5968 
0,5969 
0,5971 
0,5974 

0,5976 
0,5979 
0,5982 
0,5986 
0,5990 

0,5994 
0,5998 
0,6003 
0,6008 
0,6013 



0,5965 
0,5966 
0,5968 
0,5969 
0,5971 

0,5974 
0,5976 
0,5979 
0,5982 
0,5986 

0,5989 
0,5993 
0,5998 
0,6002 
0,6007 



0,5964 
0,5965 
0,5966 
0,5968 
0,5970 

0,5972 
0,5974 
0,5977 
0,5980 
0,5983 

0,5986 
0,5990 
0,5993 
0,5997 
0,6001 



0,5964 
0,5965 
0,5966 
0,5968 
0,5970 

0,5972 
0,5974 
0,5976 
0,5979 
0,5982 

0,5985 
0,5988 
0,5992 
0,5996 
0,5999 



0,6187 0,6122 

0,6207 0,6137 

0,6228 0,6152 

0,6251 0,6169 



0,6083 
0,6094 
0,6106 
0,6118 



0,6186 0,6131 

0,6195 0,6138 

0,6204 0,6144 

0,6213 0,6151 



\S,\J£-£-\J 



0,6067 
0,6077 
0,6087 
0,6098 

0,6109 
0,6115 
0,6121 
0,6126 

A C-lOO 
KJ,\J I iJC 



0,6052 
0,6061 
0,6070 
0,6079 



0,6044 
0,6052 
0,6061 
0,6069 



0,6088 0,6078 

0,6093 0,6082 

0,6098 0,6087 

0,6103 0,6091 



\J,\J I vu 



0,6038 
0,6045 
0,6053 
0,6061 

0,6069 
0,6073 
0,6077 
0,6080 

A CAOyt 



0,6025 
0,6031 
0,6037 
0,6043 

0,6050 
0,6053 
0,6056 
0,6059 



0,6017 
0,6022 
0,6027 
0,6033 

0,6038 
0,6040 
0,6043 
0,6045 



0,6010 
0,6014 
0,6019 
0,6023 

0,6027 
0,6029 
0,6030 
0,6032 



0,6022 
0,6024 
0,6025 
0,6026 



0,5964 
0,5965 
0,5966 
0,5968 
0,5969 

0,5971 
0,5974 
0,5976 
0,5979 
0,5981 

0,5984 
0,5987 
0,5991 
0,5994 
0.5998 



0,6168 0.6109 0.6072 0.6058 0.6044 0.6037 0,6031 0,6019 0.6012 0.6006 0.6003 0.6001 



0,6007 0,6005 

0,6011 0,6008 

0,6015 0,6012 

0,6019 0,6015 



0,6018 
0,6019 
0,6020 
0,6021 



0,55 
0,56 
0,57 
0,58 
0,59 

0,60 
0,61 
0,62 
0,63 
n ra 



0,6344 



0,6232 0,6165 

0,6242 0,6172 

0,6252 0,6179 

0,6262 0,6185 



0,6138 
0,6143 
0,6149 
0,6155 



0,6112 0,6099 

0,6117 0,6103 

0,6121 0,6107 

0,6126 0,6111 



0,6272 0,6192 0,6160 0,6130 0,6114 



0,6282 0,6198 

0,6292 0,6205 

0,6302 0,6211 

0,6312 0,6217 

n R'ioi n rooo 



0,6165 
0,6170 
0,6175 
0,6179 

Pi R1HQ 



0,6134 0,6117 

0,6137 0,6120 

0,6140 0,6123 

0,6143 0,6125 

n r-iak n Kiofi 



0,6088 
0,6091 
0,6095 
0,6098 
0,6101 

0,6103 
0,6106 
0,6108 
0,6109 

ncnn 



0,6064 
0,6066 
0,6069 
0,6070 
0,6072 

0,6073 
0,6074 
0,6075 
0,6075 



0,6049 
0,6050 
0,6052 
0,6053 
0,6054 

0,6054 
0,6054 
0,6054 
0,6052 



0,6034 
0,6035 
0,6036 
0,6036 
0,6036 

0,6035 
0,6034 
0,6033 
0,6030 



0,6028 
0,6028 
0,6028 
0,6028 
0,6028 

03027 
0,6025 
0,6023 
0,6021 



0,6022 
0,6022 
0,6022 
0,6021 
0,6020 

0,6019 
0,6017 
0,6014 
0,6011 
r\ cr\rrr 



0,65 
0,66 
0,67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0,74 



0,6331 
0,6340 
0,6348 
0,6357 
0,6364 

0,6372 
0,6378 
0,6383 
0,6388 
0,6391 



0,6227 
0,6232 
0,6236 
0,6239 
0,6242 

0,6244 
0,6245 
0,6244 
0,6243 
0,6240 



0,6186 
0,6189 
0,6191 
0,6193 
0,6193 

0,6193 
0,6192 
0,6189 
0,6186 
0,6181 



0,6147 
0,6148 
0,6149 
0,6149 
0,6147 

0,6145 
0,6142 
0,6138 
0,6132 
0,6125 



0,6127 
0,6128 
0,6127 
0,6126 
0,6124 

0,6121 
0,6117 
0,6111 
0,6104 
0,6096 



0,6110 
0,6110 
0,6108 
0,6106 
0,6104 

0,6100 
0,6094 
0,6088 
0,6080 
0,6071 



0,6073 
0,6071 
0,6068 
0,6064 
0,6059 

0,6053 
0,6046 
0,6038 
0,6028 
0,6016 



0,6048 
0,6045 
0,6041 
0,6036 
0,6030 

0,6023 
0,6014 
0,6005 
0,5993 
0,5980 



0,6024 
0,6020 
0,6014 
0,6008 
0,6001 

0,5992 
0,5982 
0,5971 
0,5958 
0,5943 



0,6013 
0,6008 
0,6002 
0,5995 
0,5987 

0,5978 
0,5967 
0,5955 
0,5942 
0,5926 



0,6002 
0,5997 
0,5990 
0,5983 
0,5974 

0,5964 
0,5953 
0,5940 
0,5926 
0,5910 



0,75 - 0,6394 0,6236 0,6174 0,6116 0,6086 0,6060 0,6003 0,5965 0,5927 0,5909 0,5892 

NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.2 — Orifice plate with Dand D/2 tappings - Discharge coefficient, C, for D ^ 71,12 mm 

Diameter Discharge coefficient, C, for Re D equal to 

ratio 

P 5x10 3 1x10 4 2x10* 3x10 4 5x10* 7x10* 1 x 10 s 3 x10 s 1 x 10 6 1 x 10 7 1x10 8 



0,10 


0,6003 


0,5987 


0,5977 


0,5973 


0,5969 


0,5967 


0,5966 


0,5963 


0,5962 


0,5961 


0,5961 


0;5960 


0,12 


0,6010 


0,5991 


0,5979 


0,5975 


0,5971 


0,5969 


0,5967 


0,5964 


0,5962 


0,5961 


0,5961 


0,5961 


0,14 


0,6016 


0,5995 


0,5982 


0,5977 


0,5972 


0,5970 


0,5968 


0,5965 


0,5963 


0,5962 


0,5961 


0,5961 


0,16 


0,6023 


0,6000 


0,5985 


0,5980 


0,5974 


0,5972 


0,5970 


0,5966 


0,5964 


0,5962 


0,5962 


0,5962 


0,18 


0,6029 


0,6004 


0,5989 


0,5982 


0,5977 


0,5974 


0,5971 


0,5967 


0,5965 


0,5963 


0,5963 


0,5963 


0,20 


0,6037 


0,6009 


0,5992 


0,5985 


0,5979 


0,5976 


0,5974 


0,5969 


0,5966 


0,5964 


03964 


0,5964 


0,22 


0,6044 


0,6015 


0,5996 


0,5989 


0,5982 


0,5979 


0,5976 


0,5971 


0,5968 


0,5966 


0,5965 


0,5965 


0,24 


0,6053 


0,6021 


0,6001 


0,5993 


0,5985 


0,5982 


0,5979 


0,5973 


0,5970 


0,5967 


0,5967 


0,5966 


0,26 


0,6062 


0,6027 


0,6006 


0,5997 


0,5989 


0,5985 


0,5982 


0,5975 


0,5972 


0,5969 


0,5969 


0,5968 


0,28 


0,6072 


0,6034 


0,6011 


0,6002 


0,5993 


0,5989 


0,5985 


0,5978 


0,5975 


0,5972 


0,5971 


0,5970 


0,30 


0,6082 


0,6042 


0,6017 


0,6007 


0,5998 


0,5993 


0,5989 


0,5982 


0,5978 


0,5974 


0,5973 


0,5973 


0,32 


0,6094 


0,6051 


0,6024 


0,6013 


0,6003 


0,5998 


0,5994 


0,5986 


0,5981 


0,5977 


0,5976 


0,5975 


0,34 


0,6107 


0,6060 


0,6031 


0,6020 


0,6009 


0,6004 


0,5999 


0,5990 


0,5985 


0,5981 


0,5979 


0,5978 


0,36 


0,6121 


0,6071 


0,6040 


0,6027 


0,6016 


0,6010 


0,6005 


0,5995 


0,5989 


0,5984 


0,5983 


0,5981 


0,38 


0,6137 


0,6082 


0,6049 


0,6035 


0,6023 


0,6016 


0,601 1 


0,6000 


0,5994 


0,5988 


0,5986 


0,5985 


0,40 


0,6153 


0,6095 


0,6059 


0,6044 


0,6031 


0,6024 


0,6018 


0,6006 


0,5999 


0,5993 


0,5991 


0,5989 


0,42 


0,6172 


0,6109 


0,6070 


0,6054 


0,6039 


0,6032 


0,6025 


0,6012 


0,6005 


0,5998 


0,5995 


0,5993 


0,44 


0,6192 


0,6124 


0,6082 


0,6065 


0,6049 


0,6041 


0,6034 


0,6019 


0,601 1 


0,6003 


0,6000 


0,5997 


0,46 


0,6214 


0,6140 


0,6094 


0,6076 


0,6059 


0,6050 


0,6042 


0,6027 


0,6017 


0,6008 


0,6005 


0,6002 


0,48 


0,6238 


0,6157 


0,6108 


0,6088 


0,6070 


0,6060 


0,6052 


0,6035 


0,6024 


0,6014 


0,6010 


0,6006 


0,50 


0,6264 


0,6176 


0,6123 


0,6101 


0,6081 


0,6071 


0,6062 


0,6043 


0,6031 


0,6020 


0,6016 


0,601 1 


0,51 


0,6278 


0,6186 


0,6131 


0,6108 


0,6087 


0,6076 


0,6067 


0,6047 


0,6035 


0,6023 


0,6019 


0,6014 


0,52 


0,6292 


0,6197 


0,6139 


0,6115 


0,6093 


0,6082 


0,6072 


0,6052 


0,6039 


0,6027 


0,6021 


0,60t6 


0,53 


0,6307 


0,6207 


0,6147 


0,6123 


0.6100 


0,6088 


0,6078 


0,6056 


0,6043 


0,6030 


0,6024 


0,6019 


0,54 


0,6322 


0,6218 


0,6155 


0,6130 


0,6106 


0,6094 


0,6083 


0,6061 


0,6047 


0,6033 


0,6027 


0,6021 


0,55 


0,6337 


0,6229 


0,6T64 


0,6138 


0,6113 


0,6100 


0,6089 


0,6065 


0,6050 


0,6036 


0,6030 


0,6024 


0,56 


- 


0,6241 


0,6173 


0,6145 


0,6119 


0,6106 


0,6095 


0,6070 


0,6054 


0,6039 


0,6032 


0,6026 


0,57 


- 


0,6253 


0,6182 


0,6153 


0.B126 


0,61 12 


0,6100 


0,6075 


0,6058 


0,6042 


0,6035 


0,6028 


0,58 


- 


0,6265 


0,6191 


0,6161 


0,6133 


0,6119 


0,6106 


0,6079 


0,6062 


0,6045 


0,6038 


0,6030 


0,59 


- 


0,6277 


0,6200 


0,6169 


0,6140 


0,6125 


0.6T12 


0,6084 


0,6066 


0,6048 


0,6040 


0,6032 


0,60 


_ 


0,6290 


0,6210 


0,6177 


0,6147 


0,6131 


0,6118 


0,6088 


0,6070 


0,6051 


0,6042 


0,6034 


0,61 


- 


0.6303 


0,6219 


0,6186 


0,6154 


0,6138 


0,6124 


0,6093 


0,6073 


0,6053 


0,6044 


0,6036 


0,62 


- 


0,6316 


0,6229 


0,6194 


0,6161 


0,6144 


0,6129 


0.6097 


0,6077 


0,6056 


0,6046 


0,6037 


0,63 


_ 


0,6329 


0,6238 


0,6202 


0,6168 


0,6150 


0,6135 


0,6102 


0,6080 


0,6058 


0,6048 


0,6039 


0,64 


- 


0,6343 


0,6248 


0,6210 


0,6175 


0,6156 


0,6140 


0,6106 


0,6083 


0,6060 


0,6050 


0,6039 


0,65 


- 


0,6356 


0,6258 


0,6219 


0,6182 


0,6162 


0,6146 


0,6109 


0,6086 


0,6062 


0,6051 


0,6040 


0,66 


- 


0,6370 


0,6268 


0,6227 


0,6188 


0,6168 


0,6151 


0,6113 


0,6088 


0,6063 


0,6051 


0,6040 


0,67 


- 


0,6384 


0,6277 


0,6235 


0,6195 


0,6174 


0,6156 


0,6116 


0,6090 


0,6064 


0,6052 


0,6040 


0,68 


- 


0,6398 


0,6287 


0,6243 


0,6201 


0,6179 


0,6161 


0,6120 


0,6092 


0,6065 


0,6052 


0,6039 


0,69 


- 


0,6411 


0,6296 


0,6250 


0,6207 


0,6185 


0,6165 


0,6122 


0,6094 


0,6065 


0,6051 


0,6038 


0,70 


- 


0,6425 


0.6305 


0,6258 


0,6213 


0,6189 


0,6169 


0,6125 


0,6095 


0,6065 


0,6051 


0,6037 


0,71 


- 


0,6439 


0,6315 


0,6265 


0,6218 


0,6194 


0,6173 


0,6127 


0,6096 


0,6064 


0,6049 


0,6035 


0,72 


- 


0,6453 


0,6323 


0,6272 


0,6223 


0,6198 


0,6176 


0,6128 


0,6096 


0,6063 


0,6047 


0,6032 


0,73 


- 


0,6467 


0,6332 


0,6279 


0,6228 


0,6202 


0,6179 


0,6129 


0,6096 


0,6061 


0,6045 


0,6029 


0,74 


- 


0,6480 


0,6340 


0.6285 


0,6233 


0,6206 


0,6182 


0,6130 


0,6095 


0,6059 


0,6042 


0,6025 



0,75 - 0,6494 0,6349 0,6291 0,6237 0,6209 0,6184 0,6130 0,6094 0,6056 0.6038 0,6021 

NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.3 — Orifice plate with flange tappings - Discharge coefficient, C, for D = 50 mm 

Diameter Discharge coefficient, C, for Re equal to 

ratio 

5x10 3 1x1Q 4 2x10 4 3x10 4 5x10 4 7x10 4 1 x 10 s 3 x10 s 1 x 10 6 1x10 7 1 x 10 a 



0,25 

0,26 
0,28 

0,30 
0,32 
0,34 
0,36 
0,38 

0,40 
0,42 
0,44 
0,46 
0,48 



0,6102 0,6069 0,6048 0,6040 0,6032 0,6029 0,6025 0,6019 0,6016 0,6014 0,6013 0,6012 



0,6106 
0,6114 

0,6123 
0,6132 
0,6143 
0,6155 
0,6169 

0,6184 
0,6200 
0,6219 
0,6239 
0,6260 



0,6071 
0,6076 

0,6082 
0,6089 
0,6097 
0,6105 
0,6115 

0,6125 
0,6137 
0,6150 
0,6164 
0,6180 



0,6050 
0,6053 

0,6057 
0,6062 
0,6068 
0,6074 
0,6081 

0,6089 
0,6098 
0,6108 
0,6119 
0,6130 



0,6041 
0,6044 

0,6047 
0,6052 
0,6056 
0,6062 
0,6068 

0,6075 
0,6082 
0,6091 
0,6100 
0,6110 



0,6033 
0,6035 

0,6038 
0,6042 
0,6045 
0,6050 
0,6055 

0,6061 
0,6068 
0,6075 
0,6083 
0,6092 



0,6029 
0,6031 

0,6034 
0,6037 
0,6040 
0,6044 
0,6049 

0,6054 
0,6060 
0,6067 
J0.6O74 
0,6082 



0,6026 
0,6028 

0,6030 
0,6032 
0,6035 
0,6039 
0,6043 

0,6048 
0,6054 
0,6060 
0,6067 
0,6074 



0,6020 
0,6021 

0,6022 
0,6024 
0,6026 
0,6029 
0,6032 

0,6036 
0,6041 
0,6045 
0,6051 
0,6057 



0,6016 
0,6017 

0,6018 
0,6019 
0,6021 
0,6023 
0.6026 

0,6029 
0,6033 
0,6037 
0,6041 
0,6046 



0,6014 
0,6014 

0,6015 
0,6016 
0,6017 
0,6019 
0,6021 

0,6023 
0,6026 
0,6029 
0,6033 
0,6036 



0,6013 
0,6013 

0,6014 
0,6014 
0,6016 
0,6017 
0,6019 

0,6021 
0,6023 
0,6026 
0,6029 
0,6032 



0,6012 
0,6012 

0,6013 
0,6013 
0,6014 
0,6016 
0,6017 

0,6019 
0,6021 
0,6023 
0,6026 
0,6028 



0,50 
0,51 
0.52 
0,53 
0,54 

0,55 
0,56 
0,57 
0,58 
0,59 

0,60 
0,61 
0,62 
0,63 
0,64 

0,65 
0,66 
0,67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0,74 

0,75 



0,6284 0,6196 

0,6297 0,6205 

0,6310 0,6214 

0,6324 0,6224 

0,6338 0,6234 

0,6352 0,6244 

0,6367 0,6254 

0,6383 0,6265 

0,6399 0,6276 

0,6416 0,6287 



0,6433 
0,6450 
0,6468 
0,6486 
0,6505 

0,6524 
0,6544 
0,6564 
0,6584 
0,6604 

0,6625 
0,6646 
0,6667 
0,6689 
0,6710 



0,6299 
0,6310 
0/6322 
0,6334 
0,6347 

0,6359 
0,6371 
0,6384 
0,6396 
0,6409 

0,6421 
0,6434 
0,6446 
0,6459 
0,6471 



0,6143 
0,6149 
0,6156 
0,6163 
0,6171 

0,6178 
0,6186 
0,6194 
0,6202 
0,6210 

0,6218 
0,6227 
0,6235 
0,6243 
0,6252 

0,6260 
0,6269 
0,6277 
0,6285 
0,6293 

0,6301 
0,6309 
0,6316 
0,6323 
0,6330 



0,6121 
0,6127 
0,6133 
0,6139 
0,6145 

0,6152 
0,6159 
0,6165 
0,6172 
0,6179 

0,6186 
0,6193 
0,6200 
0,6207 
0,6214 

0,6221 
0,6228 
0,6234 
0,6241 
0,6247 

0,6253 
0,6259 
0,6265 
0,6270 
0,6275 



0,6101 
0,6106 
0,6111 
0,6116 
0,6122 

0,6127 
0,6133 
0,6138 
0,6144 
0,6150 

0,6155 
0,6161 
0,6167 
0,6173 
0,6178 

0,6184 
0,6189 
0,6194 
0,6199 
0,6204 

0,6208 
0,6212 
0,6216 
0,6219 
0,6222 



0,6091 
0,6095 
0,6100 
0,6105 
0,6109 

0,6114 
0,6119 
0,6124 
0,6130 
0,6135 

0,6140 
0,6145 
0,6150 
0,6155 
0,6160 

0,6164 
0,6169 
0,6173 
0,6177 
0,6181 

0,6185 
0,6188 
0,6190 
0,6193 
0,6195 



0,6082 
0,6086 
0,6090 
0,6094 
0,6099 

0,6103 
0,6108 
0,6112 
0,6117 
0,6122 

0,6126 
0,6131 
0,6135 
0,6139 
0,6144 

0,6148 
0,6152 
0,6155 
0,6158 
0,6161 

0,6164 
0,6166 
0,6168 
0,6170 
0,6171 



0,6063 
0,6066 
0,6069 
0,6073 
0,6076 

0,6080 
0,6083 
0,6087 
0,6090 
0,6093 

0,6097 
0,6100 
0,6103 
0,6106 
0,6109 

0,6111 
0,6114 
0,6116 
0,6117 
0,6119 

0,6120 
0,6120 
0,6120 
0,6120 
0,6119 



0,6051 
0,6054 
0,6056 
0,6059 
0,6062 

0,6065 
0,6067 
0,6070 
0,6073 
0,6075 

0,6078 
0,6080 
0,6082 
0,6084 
0,6086 

0,6088 
0,6089 
0,6090 
0,6090 
0,6090 

0,6090 
0,6089 
0,6088 
0,6086 
0,6084 



0,6040 
0,6042 
0,6044 
0,6046 
0,6048 

0,6050 
0,6052 
0,6054 
0,6056 
0,6058 

0,6059 
0,6060 
0,6062 
0,6062 
0^6063 

0,6064 
0,6064 
0,6063 
0,6062 
0,6061 

0,6060 
0,6057 
0,6055 
0,6051 
0.6047 



0,6036 0,6031 

0,6037 0,6033 

0,6039 0,6034 

0,6041 0,6035 

0,6042 0,6037 

0,6044 0,6038 

0,6045 0,6039 

0,6047 0,6040 

0,6048 0,6041 

0,6050 0,6042 



0,6051 
0,6051 
0,6052 
0,6053 
0,6053 

0,6053 
0,'u052 
0,6051 
0,6050 
0,6048 

0,6045 
0,6043 
0,6039 
0,6035 
0,6030 



0,6043 
0,6043 
0,6043 
0,6043 
0,6043 

0,6042 
0,6041 
0,6039 
0,6037 
0,6035 

0,6032 
0,6028 
0,6024 
0,6019 
0,6014 



0,6732 0,6483 0,6337 0,6279 0,6224 0,6196 0,6171 0,6117 0,6081 0,6043 0,6025 0,6008 
NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.4 — Orifice plate with flange tappings - Discharge coefficient, C, for D = 75 mm 

Diameter Discharge coefficient, C, for Re D equal to 

ratio 

j8 5x10 3 1x10 4 2x10* 3x10 4 5x10 4 7x10 4 1 x 10 5 3 x10 s 1x10 6 1 x 10 7 1x10* 

0,17 0,6027 0,6003 0,5988 0,5982 0,5977 0,5974 0,5972 0,5967 0,5965 0,5964 0,5964 0,5963 



0,18 



0,6031 0,6005 0,5990 0,5984 0,5978 0,5975 0.5973 0,5968 0,5966 0,5964 0,5964 0,5964 



0,20 


0,6038 


0,601 1 


0,5994 


0,5987 


0,5981 


0,5977 


0,5975 


0,5970 


0,5967 


0,5966 


0,5965 


0,5965 


0,22 


0,6046 


0,6016 


0,5998 


0,5990 


0,5984 


0,5980 


0,5977 


0,5972 


0,5969 


0,5967 


0,5967 


0,5966 


0,24 


0,6054 


0,6022 


0,6002 


0,5994 


0,5987 


0,5983 


0,5980 


0,5974 


0,5971 


0,5969 


0,5969 


0,5968 


0,26 


0,6064 


0,6029 


0,6007 


0,5999 


0,5991 


0,5987 


0,5984 


0,5977 


0,5974 


0,5971 


0,5970 


0,5970 


0,28 


0,6074 


0,6036 


0,6013 


0,6004 


0,5995 


0,5991 


0,5987 


0,5980 


0,5976 


0,5974 


0,5973 


0,5972 


0,30 


0,6084 


0,6044 


0,6019 


0,6009 


0,6000 


0,5995 


0,5991 


0,5984 


0,5979 


0,5976 


0,5975 


0,5974 


0,32 


0,6096 


0,6053 


0,6026 


0,6015 


0,6005 


0,6000 


0,5996 


0,5988 


0,5983 


0,5979 


0,5978 


0,5977 


0,34 


0,6109 


0,6062 


0,6033 


0,6022 


0,6011 


0,6006 


0,6001 


0,5992 


0,5987 


0,5983 


0,5981 


0,5980 


0,36 


0,6123 


0,6073 


0,6042 


0,6029 


0,6017 


0,6012 


0,6007 


0,5997 


0,5991 


0,5986 


0,5984 


0,5983 


0,38 


0,6139 


0,6084 


0,6051 


0,6037 


0,6025 


0,6018 


0,6013 


0,6002 


0,5995 


0,5990 


0,5988 


0,5986 


0,40 


0,6155 


0,6097 


0,6060 


0,6046 


0,6032 


0,6025 


0,6020 


0,6008 


0,6000 


0,5994 


0,5992 


0,5990 


0,42 


0,6174 


0,6110 


0,6071 


0,6055 


0,6041 


0,6033 


0,6027 


0,6014 


0,6006 


0,5999 


0,5996 


0,5994 


0,44 


0,6194 


0,6125 


0,6083 


0,6066 


0,6050 


0,6042 


0,6035 


0,6020 


0,6012 


0,6004 


0,6001 


0,5998 


0,46 


0,6216 


0,6141 


0,6095 


0,6077 


0,6059 


0,605.1 


0,6043 


0,6027 


0,6018 


0,6009 


0,6005 


0,6002 


0,48 


0,6239 


0,6158 


0,6108 


0,6089 


0,6070 


0,6060 


0,6052 


0,6035 


0,6024 


0,6014 


0,6010 


0,6006 


0,50 


0,6264 


0,6176 


0,6123 


0,6101 


0,6081 


0,6070 


0,6061 


0,6042 


0,6031 


0,6020 


0,6015 


0,6011 


0,51 


0,6278 


0,6186 


0,6130 


0,6107 


0,6086 


0,6075 


0,6066 


0,6046 


0,«034 


0,6022 


0,6017 


0,6013 


0,52 


0,6292 


0,6196 


0,6138 


0,6114 


0,6092 


0,6081 


0,6071 


0,6050 


0,6037 


0,6025 


0,6020 


0,6015 


0,53 


0,6306 


0,6206 


0,6145 


0,6121 


0,6098 


0,6086 


0,6076 


0,6054 


0,6041 


0,6028 


0,6022 


0,6017 


0,54 


0,6321 


0,6216 


0,6153 


0,6128 


0,6104 


0,6092 


0,6081 


0,6058 


0,6044 


0,6030 


0,6024 


0,6019 


0,55 


0,6336 


0,6227 


0,6161 


0,6135 


0,6110 


0,6097 


0,6086 


0,6062 


0,6047 


0,6033 


0,6027 


0,6021 


0,56 


0,6352 


0,6238 


0,6170 


0,6142 


0,6116 


0,6103 


0,6091 


0,6066 


0,6051 


0,6035 


0,6029 


0,6022 


0,57 


0,6368 


0,6249 


0,6178 


0,6149 


0,6122 


0,6108 


0,6096 


0,6070 


0,6054 


0,6038 


0,6031 


0,6024 


0,58 


0,6385 


0,6261 


0,6186 


0,6156 


0,6128 


0,6114 


0,6101 


0,6074 


0,6057 


0,6040 


0,6032 


0,6025 


0,59 


0,6402 


0,6273 


0,6195 


0,6164 


0,6134 


0,6119 


0,6106 


0,6078 


0,6060 


0,6042 


0,6034 


0,6026 


0,60 


0,6419 


0,6284 


0,6203 


0,6171 


0,6140 


0,6125 


0,6111 


0,6082 


0,6063 


0,6044 


0,6035 


0,6027 


0,61 


0,6437 


0,6296 


0,6212 


0,6178 


0,6146 


0,6130 


0,6116 


0,6085 


0,6065 


0,6045 


0,6036 


0,6028 


0,62 


0,6455 


0,6309 


0,6221 


0,6186 


0,6152 


0,6135 


0,6120 


0,6088 


0,6067 


0,6047 


0,6037 


0,6028 


0,63 


- 


0,6321 


0,6229 


0,6193 


0,6158 


0,6140 


0,6125 


0,6091 


0,6069 


0,6048 


0,6038 


0,6028 


0,64 


- 


0,6333 


0,6238 


0,6200 


0,6164 


0,6145 


0,6129 


0,6094 


0,6071 


0,6048 


0,6038 


0,6028 


0,65 


- 


0,6346 


0,6246 


0,6207 


0,6169 


0,6150 


0,6133 


0,6097 


0,6073 


0,6049 


0,6038 


0,6027 


0,66 


- 


0,6358 


0,6255 


0,6213 


0,6174 


0,6154 


0,6137 


0,6099 


0,6074 


0,6048 


0,6037 


0,6026 


0,67 


- 


0,6370 


0,6263 


0,6220 


0,6179 


0,6158 


0,6140 


0,6100 


0,6074 


0,6048 


0,6036 


0,6024 


0,68 


- 


0,6382 


0,6270 


0,6226 


0,6184 


0,6162 


0,6143 


0,6102 


0,6074 


0,6046 


0,6034 


0,6021 


0,69 


- 


0,6395 


0,6278 


0,6232 


0,6188 


0,6165 


0,6145 


0,6102 


0,6074 


0,6045 


0,6031 


0,6018 


0,70 


- 


0,6407 


0,6285 


0,6237 


0,6191 


0,6168 


0,6147 


0,6102 


0,6073 


0,6042 


0,6028 


0,6014 


0,71 


_ 


0,6418 


0,6292 


0,6242 


0,6194 


0,6170 


0,6148 


0,6102 


0,6071 


0,6039 


0,6024 


0,6010 


0,72 


- 


0,6430 


0,6298 


0,6246 


0,6197 


0,6171 


0,6149 


0,6101 


0,6068 


0,6035 


0,6019 


0,6004 


0,73 


- 


0,6441 


0,6304 


0,6250 


0,6199 


0,6172 


0,6149 


0,6099 


0,6065 


0,6030 


0,6014 


0,5998 


0,74 


- 


0,6451 


0,6310 


0,6253 


0,6200 


0,6173 


0,6149 


0,6096 


0,6061 


0,6025 


0,6008 


0,5991 



0,75 - 0,6462 0,6314 0,6256 0,6201 0,6172 0,6147 0,6093 0,6056 0,6018 0,6000 0,5983 

NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.5 — Orifice plate with flange tappings - Discharge coefficient, C, for D = 100 mm 

Diameter Discharge coefficient, C, for Re D equal to 

ratio 

P 5x10 3 1x10* 2x10* 3x10 4 5x10* 7x10 4 1x10 s 3 x10 s 1x10* 1 x 10 7 1x10* 

0,13 0,6014 0,5994 0,5982 0,5977 0,5973 0,5971 0,5969 0,5966 0,5964 0,5963 0,5962 0,5962 

0,14 0,6018 0,5997 0,5984 0,5979 0,5974 0,5972 0,5970 0,5966 0,5964 0,5963 0,5963 0,5963 
0,16 0,6025 0,6001 0,5987 0,5981 0,5976 0,5974 0,5972 0,5968 0,5965 0,5964 0,5964 0,5964 



0,20 
0,22 
0,24 
0,26 
0,28 

0,30 
0,32 
0,34 
0,36 
0,38 

0,40 
0,42 
0,44 
0,46 
0,48 

0,50 

0,51 
0,52 
0,53 
0,54 

0,55 
0,56 
0,57 

r\ em 

0,59 

0,60 
0,61 
0,62 
0,63 
0-64 



0,6039 0,6012 0,5995 0,5988 0,5982 0,5979 0.5976 0,5971 0,5969 0,5967 0,5966 0,5966 

0,6047 0,6017 0,5999 0,5992 0,5985 0,5981 0,5979 0,5973 0,5970 0,5969 0,5968 0,5968 

0,6056 0,6024 0,6004 0,5996 0,5988 0,5985 0,5982 0,5976 0,5973 0,5970 0,5970 0,5969 

0,6065 0,6030 0,6009 0,6000 0,5992 0,5988 0,5985 0,5979 0i5975 0,5973 0,5972 0,5971 

0,6075 0,6038 0,6014 0,6005 0,5997 0,5992 0,5989 0,5982 0,5978 0,5975 0,5974 0,5974 



0,6086 
0,6098 
0,6111 
0,6125 
0,6141 

0,6157 
0,6176 
0,6196 
0,6217 
0,6241 



0,6046 0,6021 
0,6054 0,6028 



0,6064 
0,6075 
0,6086 



0,6035 
0,6043 



0,6052 0,6039 



0,6011 0,6002 0,5997 0,5993 0,5985 0,5981 

0,6017 0,6007 0,6002 0,5998. 0,5989 0,5985 

0,6007 0,6003 

0,6013 0,6008 

0,6020 0,6015 0,6004 0,5997 



0,5978 
0,5981 



0,5977 
0,5980 



0,6024 
0,6031 



0,6013 
0,6019 
0,6026 



0,5994 0,5988 0,5984 0,5983 

0,5998 0,5993 0,5988 0,5986 

0,5992 0,5990 



0,6048 0,6034 0,6027 0,6021 
0,6057 0,6042 0,6035 0,6029 



0,6099 0,6062 

0,6112 0,6073 

0,6127 0,6084 0,6067 0,6051 0,6043 0,6036 

0,6142 0,6097 0,6078 0,6061 0,6052 0,6044 

0,6159 0,6110 0.6090 0,6071 0,6061 0,6053 



0,6009 0,6002 

0,6015 0,6008 

0,6022 0.6013 

0,6029 0,6019 

0,6036 0,6025 



0,6227 
0,6238 
0,6249 



0,5976 
0,5979 
0,5982 
0,5985 
0,5988 



0,5996 0,5994 0,5992 

0,6001 0,5998 0,5996 

0,6005 0*6002 0,6000 

0,6010 0,6007 0,6003 

0,6015 0,6011 0,6007 



0,6266 0,6177 0,6124 0,6102 0,6081 0,6071 0,6062 0,6043 0,6031 0,6020 0,6016 0,6011 

0,6279 0,6187 0,6131 0,6108 0,6087 0,6076 0,6067 0,6047 0,6034 0,6023 0,6018 0,6013 

0,6293 0,6197 0,6138 0,6115 0,6092 0,608t 0,6071 0,6051 0,6038 0,6025 0,6020 0,6015 

0,6307 0,6207 0,6146 0,6121 0,6098 0,6086 0,6076 0,6054 0,6041 0,6028 0,6022 0,6017 

0,6322 0,6217 0,6153 0,6128 0,6104 0,6091 0,6081 0;6058 0,6044 0,6030 0,6024 X),6018 



0.6161 0,6135 0,6109 0,6097 0,6085 0,6062 0,6047 0,6032 0,6026 0,6020' 
0,6169 0,6141 0,6115 0,6102 0,6090 0,6065 0,6050 0,6034 0,6028 0.602T 
0,6177 0,6148 0,6121 0,6107 0,6095 0,6069 0,6052 0,6036 0,6029 0,6022 



0,6271 0,6193 0,6162 0,6132 0,6117 0,6104 0,6076 0,6058 0,6040 0,6032 0,6024 

0,6283 0,6201 0,6169 0,6138 0,6122 0,6108 0,6079 0,6060 0,6041 0,6033 0,6025 

0,6294 0,6209 0,6176 0,6143 0,6127 0,6113 0,6082 0,6062 0,6042 0,6033 0,6025 

0,6306 0,6218 0,6182 0,6149 0,6132 0,61 17 0,6085 0,6064 0,6043 0,6033 0,6024 

0,6318 0,6226 0,6189 0,6154 0,6136 0,6120 0,6087 0,6065 0,6043 0,6033 0,6024 

0-6329 0-6233 6195 OfilM* Ofit4Q 0615*4 OfiOfta OfiOAR 6043 ORA33 O fiO?5» 



0,65 
0,66 
0,67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0.74 



0,6341 0,6241 0,6201 0,6163 0,6144 0,6127 0,6091 0,6067 0,6042 0,6031 0,6021 

0,6353 0,6249 0,6207 0,6168 0,6148 0,6130 0,6092 0,6067 0,6041 0,6030 0,6019 

0,6364 0,6256 0,6212 0,6172 0,6151 0,6132 0;8O92 0,6066 0,6040 0,602ft 0,6016 

0,6375 0,6263 0,6218 0,6175 0,6153 0,6134 0,6093 0,6065 0,6037 0,6025 0,6012 

0,6387 0,6269 0,6222 0,6178 0,6155 0,6135 0,6092 0,6063 0,603* 0,6021 0,6008 



0,6031 Q;6016 0,6003 
0,6026 0,6011 0,5997 



0,6397 0,6275 0,6226 0,6180 0,6157 0,6136 0,6091 0,6061 

0,6408 0,6280 0,6230 0,6182 0,6157 0,6136 0,6089 0,6058 

0,6418 0,6285 0,6233 0,6183 0,6157 0,6135 0,6086 0,6054 0,6020 0,6005 0,5990 

0,6428 0,6290 0l6235 0,6183 0,6157 0,6133 0,6083 0.6049 0,6014 0.5998 0,5982 

0,6437 0,6293 0,6236 0,6183 QIS155> 0,6131 0.6078 0,6043 0,6006 0,5989 0,5973 



0,75 - 0,6445 0,6296 0,6237 0,6T8t 0,6153 $613? 0,6072 0,6036 0,5998 0,5980 0,5962 

NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.6 — Orifice plate with flange tappings - Discharge coefficient, C, for 0= 150 mm 

Diameter Discharge coefficient, C, for Re equal to 

ratio 

P 5x10* 1x10 4 2x10* 3x10 4 5x10* 7x10 4 1x10 5 3 x10 s 1x10 s 1x10 T 1x10 e 



0,10 
0,12 
0,14 
0,16 
0,18 

0,20 
0,22 
0,24 
0,26 
0,28 

0,30 
0,32 
0,34 
0,36 
0,38 

0,40 
0.42 
0,44 
0,46 
0,48 

0,50 
0,51 
0,52 
0,53 
0,54 

0,55 
0,56 
0,57 
0,58 
0,59 

0,60 
0,61 
0,62 
0,63 
0,64 

0,65 
0,66 
0,67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0,74 

0,75 

NOTE 



0,6005 0,5988 

0,6012 0,5993 

0,6018 0,5998 

0,6025 0,6002 

0,6033 0,6007 

0,6041 0,6013 

0,6049 0,6019 

0,6057 0,6025 

0,6067 0,6032 

0,6077 0,6039 



0,6088 
0,6100 
0,6113 
0,6127 
0,6143 



0,6048 
0,6056 
0,6066 
0,6077 
0,6088 



0,5978 
0,5981 
0,5985 
0,5988 
0,5992 

0,5996 
0,6000 
0,6005 
0,601 1 
0,6016 

0,6023 
0,6030 
0,6037 
0,6045 
0,6054 



0,5974 
0,5977 
0,5980 
0,5982 
0,5986 

0,5989 
0,5993 
0,5997 
0,6002 
0,6007 

0,6013 
0,6019 
0,6026 
0,6033 
0,6041 



0,5971 
0,5973 
0,5975 
0,5977 
0,5980 

0,5983 
0,5986 
0,5990 
0,5994 
0,5998 



0,5969 
0,5971 
0,5973 
0,5975 
0,5977 

0,5980 
0,5983 
0,5986 
0,5990 
0,5994 



0,6003 0,5999 
0,6009 0,6004 



0,6015 
0,6021 
0,6028 



0,6009 
0,6015 
0,6022 



0,5967 
0,5969 
0,5971 
0,5973 
0,5975 

0,5977 
0,5980 
0,5983 
0,5987 
0,5991 

0,5995 
0,6000 
0,6005 
0,6010 
0,6017 



0,5965 
0,5966 
0,5967 
0,5969 
0,5970 

0,5972 
0,5975 
0,5977 
0,5980 
0,5984 

0,5987 
0,5991 
0,5996 
0,6000 
0,6006 



0,5963 
0,5964 
0,5965 
0,5966 
0,5968 

0,5970 
0,5972 
0,5974 
0,5977 
0,5980 



0,5962 
0,5963 
0,5964 
0,5965 
0,5967 

0,5968 
0,5970 
0,5972 
0,5974 
0,5977 



0,5962 0,5962 

0,5963 0,5963 

0,5964 0,5964 

0,5965 0,5965 

0,5966 0,5966 

0,5968 0,5967 

0,5969 0,5969 

0,5971 0,5971 

0,5974 0,5973 

0,5976 0,5975 

0,5979 0,5978 

0,5982 0,5981 



0,5983 0,5980 

0,5987 0,5983 

0,5990 0,5986 0,5985 0,5984 

0,5995 0,5990 0,5988 0,5987 

0,5999 0,5994 0,5992 0,5990 



0,6160 0,6101 0,6064 0,6050 0,6036 0,6029 0,6023 0,6011 0,6004 0,5998 0,5996 0,5994 

0,6178 0,6114 0,6075 0,6059 0,6044 0,6037 0,6030 0,6017 0,6009 0,6002 0,6000 0,5997 

0,6198 0,6128 0,6086 0,6069 0,6053 0,6045 0,6038 0,6023 0,6015 0,6007 0,6004 0,6001 

0,6144 0,6098 0,6079 0,6062 0,6053 0,6046 0,6030 0,6020 0,6011 0,6008 0,6005 

0,6160 0,6111 0,6091 0,6072 0,6062 0,6054 0,6036 0,6026 0,6016 0,6012 0,6008 



0,6178 


0,6124 


0,6102 


0,6082 


0,6071 


0,6062 


0,6043 


0,6031 


0,6021 


0,6016 


0,6012 


0,6187 


0,6131 


0,6108 


0,6087 


0,6076 


0,6067 


0,6047 


0,6034 


0,6023 


0,6018 


0,6013 


0,6197 


0,6138 


0,6114 


0,6092 


0,6081 


0,6071 


0,6050 


0,6037 


0,6025 


0,6020 


0,6015 


0,6206 


0,6145 


0,6121 


0,6097 


0,6086 


0,6075 


0,6054 


0,6040 


0,6027 


0,6021 


0,6016 


0,6216 


0,6153 


0,6127 


0,6103 


0,6090 


0,6080 


0,6057 


0,6042 


0,6029 


0,6023 


0,6017 


0,6226 


0,6160 


0,6133 


0,6108 


0,6095 


0,6084 


0,6060 


0,6045 


0,6031 


0,6024 


0,6018 


0,6237 


0,6167 


0,6140 


0,6113 


0,6100 


0,6088 


0,6063 


0,6047 


0,6032 


0,6025 


0,6019 


0,6247 


0,6175 


0,6146 


0,6119 


0,6105 


0,6092 


0,6066 


0,6050 


0,6034 


0,6026 


0,6020 


0,6258 


0,6182 


0,6152 


0,6124 


0,6109 


0,6096 


0,6069 


0,6052 


0,6035 


0,6027 


0,6020 


0,6269 


0,6190 


0,6159 


0,6129 


0,6114 


0,6100 


0,6072 


0,6054 


0,6036 


0,6028 


0,6020 



0,6280 0,6198 0,6165 0,6134 0,6118 0,6104 0,6074 0,6055 0,6036 0,6028 0,6020 

0,6290 0,6205 0,6171 0,6138 0,6122 0,6107 0,6076 0,6056 0,6037 0,6028 0,6019 

0,6301 0,6212 0,6177 0,6143 0,6126 0,6111 0,6078 0,6057 0,6036 0,6027 0,6018 

0,6219 0,6182 0,6147 0,6129 0,6114 0,6080 0,6058 0,6036 0,6026 0,6016 

0,6226 0,6188 0,6151 0,6132 0,6116 0,6081 0,6058 0,6035 0,6024 0,6014 

0,6233 0,6193 0,6155 0,6135 0,6118 0,6081 0,6057 0,6033 0,6022 0,6011 

0,6239 0,6197 0,6158 0,6138 0,6120 0,6081 0,6056 0,6031 0,6019 0,6008 

0,6245 0,6202 0,6160 0,6139 0,6121 0,6081 0,6054 0,6028 0,6016 0,6004 

0,6251 0.6205 0,6162 0,6140 0,6121 0,6079 0,6052 0,6024 0,6011 0,5999 

0,6256 0,6209 0,6164 0,6141 0,6121 0,6077 0,6049 t),6019 0,6006 0,5993 



0,6260 


0,6211 


0,6165 


0,6141 


0,6120 


0,6074 


0,6044 


0,6014 


0,6000 


0,5986 


0,6264 


0,6213 


0,6165 


0,6140 


0,6118 


0,6071 


0,6039 


0,6007 


0,5993 


0,5978 


0,6267 


0,6214 


0,6164 


0,6138 


0,6115 


0,6066 


0,6033 


0,6000 


0,5984 


J0.5969 


0,6269 


0,6214 


0,6162 


0,6135 


0,6111 


0,6060 


0,6026 


0,5991 


0,5975 


0,5959 


0,6271 


0,6213 


0,6159 


0,6131 


0,6106 


0,6053 


0,6017 


0,5981 


0,5964 


0,5947 



0,6271 0,6211 0,6154 0,6125 0,6100 0,6044 0,6007 0,5969 0,5951 0,5934 
This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.7 — Orifice plate with flange tappings - Discharge coefficient, C, for D = 200 mm 

Diameter Discharge coefficient, C, for Re D equal to 

ratio 

p 5x10* 1x10* 2xt0 4 3x10* 5x10 4 7x10 4 1x10 s 3 x10 s 1x10 6 1 x 10 7 1x10' 



0,10 
012 
0,14 
0,16 
0,18 

0,20 
0,22 
0,24 

0,26 
0,28 

0,30 
0,32 
0,34 
0,36 
0,38 

0,40 
0,42 
0,44 
0,46 
0,48 

0,50 
0,51 
0,52 
0,53 
0,54 

0,55 
0,56 
0,57 
0,58 
0,59 

0,60 
0,61 
0,62 
0,63 
0,64 

0,65 
0,66 
0,67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0,74 

0,75 

NOTE- 



0,6005 
0,6012 
0,6019 
0,6026 
0,6033 

0,6041 
0,6050 
0,6058 
0,6068 



0,6089 
0,6101 
0,6114 
0,6128 
0,6144 



0,5989 
0,5993 
0,5998 



0,5979 
0,5982 
0,5985 



0,6003 0,5989 
0,6008 0,5993 



0,5975 0,5971 

0,5977 0,5973 

0,5980 0,5975 

0,5983 0,5978 

0,5986 0,5981 



0,5969 
0,5971 
0,5973 



0,5968 0,5965 
0,5969 0,5966 



0,5963 0,5963 0,5962 0,5962 
0,5964 0,5963 0,5963 0,5963 



0,5971 



0,5975 0,5973 
0,5978 0,5975 



0,5967 
0,5969 
0,5971 



0,5966 
0,5967 
0,5969 



0,6014 0,5997 0,5990 0,5984 
0,6020 0,6001 0,5994 0,5987 



0,6026 
0,6033 
0,6078 0,6041 



0,6006 
0,601 1 
0,6017 



0,5998 0,5991 
0,6003 0,5995 



0,5981 0,5978 0,5973 0,5971 

0,5984 0,5981 0,5976 0,5973 

0,5987 0,5984 0,5978 

0,5988 0,5981 



0,5991 



0,6008 0.6000 0,5995 0,5992 0,5985 



0,5975 
0,5978 
0,5981 



0,5964 
0,5966 
0,5967 

0,5969 
0,5971 
0,5973 



0,5964 
0,5965 



0,5964 
0,5965 



0,5975 0,5975 
0,5978 0,5977 



0,5967 0,5967 

0,5968 0,5968 
0,5970 0,5970 
0,5972 0,5972 
0,5974 



0,6049 0,6024 
0,6058 0,6031 



0,6014 0,6005 
0,6020 0,6010 



0,6067 
0,6078 



0,6038 0,6027 0,6016 



0,6000 
0,6005 
0,6011 



0,6047 0,6034 0,6022 0,6017 



0,5996 0,5988 0,5984 0,5981 0,5980 

0,6001 0,5992 0,5988 0,5984 0,5983 

0,6006 0,5997 0,5992 0,5987 0,5986 

0,6012 0,6002 0,5996 0,5991 



0,6089 0,6056 0,6042 0,6029 0,6023 0,6018 0,6007 0,6000 0.5995 



0,5976 

0,5979 
0,5982 
0,5985 
0,5989 0,5988 
0,5993 0,5991 



0,6102 0,6065 0,6051 0,6037 0,6030 0,6024 0,6012 0,6005 0,5999 0,5997 0,5995 

0,6115 0,6076 0,6060 0,6045 0,6038 0,6031 0,6018 0,6010 0,6003 0,6001 0,5998 

0,6129 0,6087 0,6070 0,6054 0,6045 0.6038 0,6024 0.6015 0,6008 0,6004 0,6002 

0.6145 0,6099 0,6080 0,6063 0.6054 0.6046 0,6030 0,6021 0,6012 0,6008 0,6005 

0,6161 0,6111 0,6091 0,6072 0,6062 0,6054 0,6037 0,6026 0,6016 0,6012 0,6009 

0,6179 0,6124 0,6102 0,6082 0,6071 0,6062 0,6043 0.6032 0,6021 0,6016 0,6012 

0,6188 0,6131 0,6108 0,6087 0,6076 0,6067 0,6047 0,6034 0,6023 0,6018 0,6013 

0,6197 0,6138 0.6114 0,6092 0,6081 0,6071 0,6050 0,6037 0,6025 0,6019 0,6014 

0,6206 0,6145 0,6120 0,6097 0,6085 0.6075 0,6053 0,6039 0,6026 0,6021 0,6015 

0,6216 0,6152 0,6126 0,6102 0,6090 0,6079 0,6056 0,6042 0,6028 0,6022 0,6016 

0,6159 0,6132 0,6107 0,6094 0,6083 0,6059 0,6044 0,6030 0,6023 0,6017 

0,6166 0,6138 0,6112 0,6099 0,6087 0,6062 0,6046 0,6031 0,6024 0,6018 

0.6174 0.6145 0,6117 0,6103 0,6091 0,6065 0,6048 0,6032 0,6025 0,6018 

0,6181 0,6151 0,6122 0,6107 0,6094 0,6067 0,6050 0,6033 0,6025 0,6018 

0,6188 0.6156 0,6127 0,6111 0,6098 0,6070 0,6051 0,6033 0,6025 0,6018 

0,6195 0,6162 0,6131 0,6115 0,6101 0,6072 0,6052 0,6034 0,6025 0,6017 

0,6202 0,6168 0,6135 0,6119 0,6104 0,6073 0,6053 0,6033 0,6024 0,6016 

0,6209 0,6173 0,6139 0,6122 0,6107 0,6075 0.6053 0,6033 0,6023 0,6014 

0,6216 0,6178 0,6143 0,6125 0,6109 0,6076 0,6053 0,6032 0,6022 0,6012 

0,6222 0,6183 0,6147 0,6128 0,6111 0,6076 0,6053 0,6030 0,6019 0,6009 

0,6228 0,6188 0,6150 0,6130 0.6113 0,6076 0,6052 0,6028 0,6016 0,6006 

0,6234 0,6192 0,6152 0,6132 0,6*14 03075 0,6050 0,6025 0.6013 0,6002 

0,6239 0,6195 0,6154 0,6133 0,6114 0,6074 0,6047 0,6021 0,6009 0,5997 

0,6244 0,6198 0,6155 0,6133 0,6114 0,6072 0,6044 0,6016 0,6003 0,5991 

0,6248 0,6201 0,6156 0,6133 0,6112 0,6069 0,6040 0,6011 0,5997 0,5984 

0,6252 0,6202 0,6155 0,6131 0,6110 0,6065 0,6035 0,6004 0,5990 0,5976 

0,6255 0,6203 0,6154 0,6129 0,6107 0,6060 0,6028 0,5996 0,5982 0,5967 

0,6257 0,6203 0,6152 0,6126 0,6103 0,6054 0,6021 0.5988 0,5972 0.5957 

0,6258 0,6202 0,6149 0,6122 0,6098 0.6047 0,6012 0,5977 0,5961 0,5945 

0,6258 0,6199 0,6145 0,6116 0,6092 0,6038 0.6002 0,5966 0,5949 0,5932 

0,6256 0,6196 0,6139 0,6110 0,6084 0,6028 0,5991 0,5953 0,5935 0,5917 

This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.8 — Orifice plate with flange tappings - Discharge coefficient, C, for D = 250 mm 

Diameter Discharge coefficient, C, for Re equal to 

ratio 

p 5 x 10 3 1 x 10 4 2 x 10 4 3 x 10 4 5x10* 7 x 10 4 1 x 10 5 3 x 10 5 1 x 10 s 1 x 10 7 1 x 10" » 



0,10 
0,12 
0,14 
0,16 
0,18 

0,20 
0,22 
0,24 
0,26 
0,28 

0,30 
0,32 
0,34 
0,36 
0,38 

0,40 
0,42 
0,44 
0,46 
0,48 

0,50 

0,51 
0,52 
0,53 
0,54 

0,55 
0,56 
0,57 
0,58 
0,59 

0,60 
0,61 
0,62 
0,63 
0,64 

0,65 
0,66 
0,67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0,74 

0,75 

NOTE 



0,6005 
0,6012 
0,6019 
0,6026 
0,6034 



0,5989 
0,5994 
0,5998 
Q.6003 
0,6009 



0,5979 
0,5982 
0,5985 
0,5989 



0,5975 
0,5977 
0,5980 
0,5983 



0,5993 0,5987 



0,5971 
0,5973 
0.5976 
0,5978 
0,5981 



0,5969 
0,5971 
0,5973 
0,5976 
0,5978 



0,5968 
0,5970 
0,5971 
0,5974 
0,5976 



0,5965 
0,5966 
0,5968 
0,5969 
0,5971 



0,5964 
0,5965 
0,5966 
0,5967 
0,5969 



0,5963 0,5963 
0,5964 0,5963 



0,5965 
0,5966 
0,5968 



0,5965 
0,5966 
0,5967 



0,5963 
0,5963 
0,5964 
0,5966 
0,5967 



0,6042 0,6014 0,5997 0,5990 0,5984 0,5981 0,5979 0,5974 0,5971 0,5969 0,5969 0,5969 

0,6050 0,6020 0,6002 0,5994 0,5988 0,5984 0,5981 0,5976 0,5973 0,5971 0,5971 0,5971 

0,6059 0,6027 0,6007 0,5999 0,5991 0,5988 0,5985 0,5979 0,5976 0,5974 0,5973 0,5973 

0,6068 0,6034 0,6012 0,6004 0,5996 0,5992 0,5988 0,5982 0,5978 0,5976 0,5975 0,5975 

0,6079 0,6041 0,6018 0,6009 0,6000 0,5996 0,5992 0,5985 0,5981 0,5979 0,5978 0,5977 

0,6090 0,6049 0,6025 0,6015 0,6005 0,6001 0,5997 0,5989 0,5985 0,5982 0,5981 0,5980 

0,6102 0,6058 0,6032 0,6021 0,6011 0,6006 0,6002 0,5993 0,5988 0,5985 0,5984 0,5983 

0,6115 0,6068 0,6039 0,6028 0,6017 0,6011 0,6007 0,5998 0,5992 0,5988 0,5987 0,5986 

0,6079 0,6047 0,6035 0,6023 0,6017 0,6012 0,6002 0,5997 0,5992 0,5990 0,5989 

0,6090 0,6056 0,6043 0,6030 0,6024 0,6018 0,6007 0,6001 0,5996 0,5994 0,5992 



0,6102 


0,6066 


0,6051 


0,6038 


0,6031 


0,6025 


0,6013 


0,6006 


0,6000 


0,5997 


0,5995 


0,6116 


0,6076 


0,6061 


0,6046 


0,6038 


0,6032 


0,6019 


0,601 1 


0,6004 


0,6001 


0,5999 


0,6130 


0,6087 


0,6070 


0,6054 


0,6046 


0,6039 


0,6025 


0,6016 


0,6008 


0,6005 


0,6002 


0,6145 


0,6099 


0,6081 


0,6063 


-0,6054 


0,6047 


0,6031 


0,6021 


0,6012 


0,6009 


0,6006 


0,6162 


0,6112 


0,6091 


0,6072 


0,6063 


0,6055 


0,6037 


0,6026 


0,6017 


0,6013 


0,6009 


- 


0,6125 


0,6103 


0,6082 


0,6072 


0,6063 


0,6044 


0,6032 


0,6021 


0,6016 


0,6012 


- 


0,6131 


0,6108 


0,6087 


0,6076 


0,6067 


0,6047 


0,6034 


0,6023 


0,6018 


0,6013 


- 


0,6138 


0,6114 


0,6092 


0,6081 


0,6071 


0,6050 


0,6037 


0,6024 


0,6019 


0,6014 


- 


0,6145 


0,6120 


0,6097 


0,6085 


0,6075 


0,6053 


0,6039 


0,6026 


0,6021 


0,6015 


- 


0,6152 


0,6126 


0,6102 


0,6089 


0,6079 


0,6056 


0,6041 


0,6028 


0,6022 


0,6016 


- 


0,6159 


0,6132 


0,6107 


0,6094 


0,6083 


0,6059 


0,6044 


0,6029 


0,6023 


0,6017 


- 


0r6166 


0,6138 


0,6112 


0,6098 


0,6086 


0,6061 


0,6045 


0,6030 


0,6023 


0,6017 


- 


0,6173 


0,6144 


0,6116 


0,6102 


0,6090 


0,6064 


0,6047 


0,6031 


0,6024 


0,6017 


- 


0,6180 


0,6150 


0,6121 


0,6106 


0,6093 


0,6066 


0,6049 


0,6032 


0,6024 


0,6017 


- 


0.6187 


0,6155 


0,6125 


0,6110 


0,6097 


0,6068 


0,6050 


0,6032 


0,6024 


0,6016 


_ 


0,6194 


0,6161 


0,6130 


0,6114 


0,6100 


0,6070 


0,6051 


0,6032 


0,6023 


0,6015 


- 


0,6201 


0,6166 


0,6134 


0,6117 


0,6103 


0,6071 


0,6051 


0,6031 


0,6023 


0,6014 


- 


0,6207 


0,6171 


0,6138 


0,6120 


0,6105 


0,6072 


0,6051 


0,6031 


0,6021 


0,6012 


- 


0,6214 


0,6176 


0,6141 


0,6123 


0,6107 


0,6073 


0,6051 


0,6029 


0,6019 


0,6010 


- 


0,6220 


0,6181 


0,6144 


0,6125 


0,6109 


0,6073 


0,6050 


0,6027 


0,6017 


0,6006 



0,6226 0,6185 0,6147 0,6127 0,6110 0,6073 0,6048 0,6024 0,6013 0,6003 

0,6231 0,6189 0,6149 0,6128 0,6110 0,6072 0,6046 0,6021 0,6009 0,5998 

0,6236 0,6192 0,6150 0,6129 0,6110 0,6070 0,6043 0,6017 0,6004 0,5993 

0,6240 0,6194 0,6151 0,6129 0,6109 0,6067 0,6039 0,6012 0,5999 0,5986 

0,6t96 0,6151 0,6128 0,6107 0,6064 0,6035 0,6005 0,5992 0,5979 



0,6197 


0,6150 


0,6126 


0,6105 


0,6059 


0,6029 


0,5998 


0,5984 


0,5970 


0,6197 


0,6148 


0,6123 


0,6101 


0,6054 


0,6022 


0,5990 


0,5975 


0,5961 


0,6196 


0,6145 


0,6119 


0,6096 


0,6047 


0,6014 


0,5980 


0,5965 


0,5950 


0,6194 


0,6141 


0,6114 


0,6090 


0,6039 


0,6004 


0,5969 


0,5953 


0,5937 


0,6191 


0,6136 


0,6108 


0,6083 


0,6029 


0,5994 


0,5957 


0,5940 


0,5923 



- 0,6187 0,6130 0,6100 0,6074 0,6018 0,5981 0,5943 0,5925 0,5908 

This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A.9 — Orifice plate with flange tappings - Discharge coefficient, C, for D = 375 mm 

Diameter Discharge coefficient, C, for Re ti equal to 

ratio 

5x10 3 1x10 4 2x10 4 3x10* 5x10 4 7x10 4 1x10 s 3 x10 s 1x10 s 1x10 7 1x10* 



0,10 
0,12 
0,14 
0,16 
0,18 

0,20 
0,22 
0,24 
0,26 
0,28 

0,30 
0,32 
0,34 
0,36 



0,6006 0,5989 
0,6013 0,5994 



0,6020 
0,6027 
0,6035 



0,5999 
0,6004 
0,6009 



0,5979 0,5975 0,5971 

0,5982 0,5978 0,5974 

0,5986 0,5981 0,5976 

0,5990 0,5984 0,5979 

0,5994 0,5987 0,5982 



0,5970 


0,5968 


0,5965 


0,5964 


0,5963 


0,5963 


0,5963 


0,5972 


0,5970 


0,5967 


0,5965 


0,5964 


0,5964 


0,5964 


0,5974 


0,5972 


0,5968 


0,5966 


0,5965 


0,5965 


0,5965 


0,5976 


0,5974 


0,5970 


0,5968 


0,5967 


0,5966 


0,5966 


0,5979 


0,5977 


0,5972 


0,5970 


0,5968 


0,5968 


0,5968 



0,6042 0.6015 0,5998 0,5991 0,5985 0,5982 0,5979 0,5974 0,5972 0,5970 0,5970 0,5969 

0,6051 0,6021 0,6003 0,5995 0,5988 0,5985 0,5982 0,5977 0,5974 0,5972 0,5972 0,5971 

0,6060 0,6028 0,6008 0,6000 0,5992 0,5989 0,5986 0,5980 0,5977 0,5974 0.5974 0,5973 

0,6069 0,6035 0,6013 0,6005 0,5997 0,5993 0,5989 0,5983 0,5979 0,5377 0,5376 0,5376 

0,6080 0,6042 0,6019 0,6010 0,6001 0,5997 0,5993 0.5986 0.5983 0,5980 0,5979 0,5978 

0,6051 0,6026 0,6016 0,6006 0,6002 0,5998 0,5990 0,5986 0,5983 0,5982 0,5981 

0,6060 0,6033 0,6022 0,6012 0,6007 0,6003 0,5994 0,5390 0,5986 0,5985 0,5984 

0,6069 0,6040 0,6029 0,6018 0,6013 0,6008 0,5999 0,5994 0,5989 0,5988 0,5987 

0,6080 0,6049 0,6036 0,6024 0,6019 0,6014 0,6004 0,5998 0,5993 0,5991 0,5990 



0,40 
0,42 
0,44 
0,46 
0,48 

0,50 
0,51 
0,52 
0,53 
0,54 

0,55 
0,56 
0,57 
0,58 
0,59 

0,60 
0,61 

ft *n 

0,63 
0,64 

0,65 
0,66 
0.67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0,74 

0,75 

NOTE 



0,6067 


0,6053 


0,6039 


0,6032 


0,6026 


0,6014 


0,6007 


0,6001 


0,5999 


0,5997 


0,6078 


0,6062 


0,6047 


0,6039 


0,6033 


0,6020 


0.6012 


0,6005 


0,6002 


0,6000 


0,6089 


0,6071 


0,6055 


0,6047 


0,6040 


0,6026 


0,6017 


0,6009 


0,6006 


0,6003 


0,6100 


0,6082 


0,6064 


0,6055 


0.6048 


0,6032 


0,6022 


0,6013 


0,6010 


0,6007 


0,6113 


0,6092 


0,6073 


0,6064 


0,6055 


0,6038 


0,6027 


0.6018 


0,6013 


0,6010 


0,6125 


0,6103 


0,6083 


0,6072 


0,6063 


0,6044 


0,6032 


0,6021 


0,6017 


0,6012 


0,6132 


0,6109 


0,6088 


0,6077 


0,6067 


0,6047 


0.6035 


0,6023 


0,6018 


0,6014 


0,6139 


0,6115 


0.6092 


0,6081 


0,6071 


0,6050 


0,6037 


0,6025 


0,6019 


0,6015 


0,6145 


0,6121 


0,6097 


0,6085 


0,6075 


0,6053 


0,6039 


0,6026 


0,6021 


0,6015 


0,6152 


0,6126 


0,6102 


0,6090 


0,6079 


0.6056 


0,6041 


0,6028 


0,6022 


0,6016 


0,6159 


0,6132 


0,6107 


0,6094 


0,6082 


0,6058 


0,6043 


0,6029 


0,6022 


0.6017 


0,6166 


0,6138 


0,6111 


0,6098 


0,6086 


0,6061 


0,6045 


0.6030 


0,6023 


0,6017 


- 


0,6144 


0,6116 


0,6102 


0,6089 


0,6063 


0,6047 


0,6030 


0,6023 


0,6017 


- 


0,6149 


0,6120 


0,6106 


0,6093 


0.6065 


0,6048 


0,6031 


0,6023 


0,6016 


- 


0,6155 


0,6124 


0,6109 


0,6096 


0,6067 


0,6049 


0,6031 


0,6023 


0.6015 



0,6160 0,6128 0,6112 0,6098 0,6069 0,6049 0,6030 0,6022 0,6014 
0,6165 0,6132 0,6116 0,6101 0,6070 0,6050 0,6030 0,6021 0,6012 



ft Oft4 ft 



ft *>r,4 ft 



U,OWU VJ.UtOO U.DllO U,D I W \J^>\JIV V.OVtW \J,OVt.O U,UUI3 U.UUIU 

0,6174 0,6139 0.6121 0,6105 0,6071 0,6048 0,6026 0,6017 0,6007 
0,6178 0,6141 0,6122 0,6106 0.6070 0.6047 0,6024 0,6014 0,6003 



0,6182 


0,6143 


0,6124 


0,6106 


0.6069 


0,6045 


0,6021 


0,6010 


0,5999 


0,6185 


0,6145 


0,6124. 


0,6106 


0,6068 


0.6042 


0,6017 


0,6005 


0,5994 


0,6188 


0,6146 


0,6124 


0.6106 


0,6065 


0,6039 


0,6012 


0,6000 


0,5988 


0,6190 


0,6146 


0,6124 


0,6104 


0,6062 


0,6034 


0,6006 


0,5993 


0,5981 


- 


0,6145 


0,6122 


0.6102 


0,6058 


0,6029 


0,6000 


0,5986 


0,5973 



- 0,6144 0,6120 0,6098 0,6053 0,6022 0,5992 0,5977 0,5964 

- 0,6141 0,6116 0,6094 0,6046 0,6015 0,5982 0,5968 0,5953 

- 0,6138 0,6111 0,6088 0,6039 0,6006 0,5972 0,5956 0,5941 

- 0,6133 0,6105 0,6081 0,6029 0,5995 0,5960 0,5944 0,5928 

- 0,6126 0.6098 0,6073 0,6019 0,5983 0.5946 0,5929 0,5913 

- - - - 0,6119 0,6089 0,6063 0,6007 0,5969 0,5931 0,5913 0,5896 

This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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Table A. 10 — Orifice plate with flange tappings - Discharge coefficient, C, for D ~ 760 mm 

Diameter Discharge coefficient, C. for Re D equal to 

ratio 

/J 5x10' 1x10 4 2x10* 3x10 4 5x10 4 7x10* 1x10 s 3x10 5 1 x 10 6 1x10 7 1x10 s 



0,6006 
0,6013 
0,6020 
0,6028 
0,6035 



0,5990 
0,5994 
0,5999 
0,6005 
0,6010 

0,6016 
0,6022 
0,6029 
0,6036 



0,5979 
0,5983 
0,5986 
0,5990 
0,5994 

0,5999 
0,6004 
0,6009 
0,6014 
0,6020 

0,6027 
0,6034 
0,6042 
0,6050 
0,6059 



0,5975 
0,5978 
0,5981 
0,5985 
0,5988 

0,5992 
0,5996 
0,6001 
0,6006 
0,6011 

0,6017 
0,6023 
0,6030 
0,6038 
0,6046 

0,6054 
0,6064 
0,6073 
0,6084 
0,6094 



0,5972 
0,5974 
0,5977 
0,5979 
0,5982 

0,5986 
0,5989 
0,5993 
0,5998 
0,6003 

0,6008 
0,6013 
0,6020 
0,6026 
0,6033 

0,6041 
0,6049 
0,6057 
0,6066 
0,6075 

0,6084 
0,6089 
0,6094 
0,6099 
0,6103 



0,5970 
0,5972 
0,5974 
0,5977 
0,5980 

0,5983 
0,5986 
0,5990 
0,5994 
0,5998 

0,6003 
0,6008 
0,6014 
0,6020 
0,6027 

0,6034 
0,6041 
0,6049 
0,6057 
0,6065 

0,6074 
0,6078 
0,6082 
0,6087 
0,6091 



0,10 
0,12 
0,14 
0,16 
0,18 

0,20 
0,22 
0,24 
0,26 
0,28 

0,30 
0,32 
0,34 
0,36 
0,38 

0,40 
0,42 
0,44 
0,46 
0,48 

0,50 
0,51 
0,52 
0,53 
0,54 

0,55 
0,56 
0,57 
0,58 
0,59 

0,60 
0,61 
0,62 
0,63 
0,64 

0,65 
0,66 
0,67 
0,68 
0,69 

0,70 
0,71 
0,72 
0,73 
0,74 

0,75 ______ 0,6056 0,5999 0,5962 0,5923 0,5906 0,5888 

NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 



0,5969 
0,5970 
0,5972 
0,5975 
0,5977 

0,5980 
0,5983 
0,5987 
0,5991 
0,5995 

0,5999 
0,6004 
0,6010 
0,6015 
0,6021 

0,6028 
0,6035 
0,6042 
0,6049 
0,6057 

0,6065 
0,6069 
0,6073 
0,6076 
0,6080 



0,5966 
0,5967 
0,5969 
0,5971 
0,5973 

0,5975 
0,5978 
0,5981 
0,5984 
0,5988 

0,5992 
0,5996 
0,6000 
0,6005 
0,6010 

0,6016 
0,6022 
0,6027 
0,6034 
0,6040 

0,6046 
0,6049 
0,6052 
0,6054 
0,6057 



0,5964 
0,5965 
0,5967 
0,5969 
0,5970 

0,5973 
0,5975 
0,5978 
0,5981 
0,5984 

0,5987 
0,5991 
0,5995 
0,5999 
0,6004 

0,6009 
0,6014 
0,6019 
0,6024 
0,6029 

0,6034 
0,6036 
0,6039 
0,6041 
0,6043 



0,5963 
0,5964 
0,5966 
0,5967 
0,5969 

0,5971 
0,5973 
0,5976 
0,5978 
0,5981 

0,5984 
0,5987 
0,5991 
0,5995 
0,5999 

0,6003 
0,6007 
0,601 1 
0,6015 
0,6019 

0,6023 
0,6025 
0,6026 
0,6028 
0,6029 



0,5963 
0,5964 
0,5966 
0,5967 
0,5969 

0,5971 
0,5973 
0,5975 
0,5977 
0,5980 

0,5983 
0,5986 
0,5990 
0,5993 
0,5997 

0,6000 
0,6004 
0,6008 
0,6012 
0,6015 

0,6018 
0,6020 
0,6021 
0,6022 
0,6023 



0,5963 
0,5964 
0,5965 
0,5967 
0,5968 

0,5970 
0,5972 
0,5975 
0,5977 
0,5980 

0,5982 
0,5985 
0,5988 
0,5992 
0,5995 

0,5998 
0,6002 
0,6005 
0,6008 
0,6011 

0,6014 
0,6015 
0,6016 
0,6017 
0,6017 



0,6108 0,6095 0,6084 0,6060 0,6044 0,6030 0,6024 0,6018 

0,6112 0,6099 0,6087 0,6062 0,6046 0,6031 0,6024 0,6018 

0,6117 0,6103 0,6090 0,6064 0,6047 0,6031 0,6024 0,6017 

0,6121 0,6106 0,6093 0,6066 0,6048 0,6031 0,6024 0,6017 

0,6125 0,6110 0,6096 0,6068 0,6049 0,6031 0,6023 0,6016 

0,6129 0,6113 0,6099 0,6069 0,6050 0,6031 0,6022 0,6014 

0,6132 0,6116 0,6101 0,6070 0,6050 0,6030 0,6021 0,6012 

0,6136 0,6118 0,6103 0,6070 0,6049 0,6028 0,6019 0,6010 

0,6120 0,6104 0,6070 0,6048 0,6026 0,6016 0,6006 

0,6122 0,6105 0,6069 0,6046 0,6023 0,6013 0,6003 



0,6123 


0,6105 


0,6068 


0,6044 


0,6020 


0,6009 


0,5998 


0,6123 


0,6105 


0,6066 


0,6041 


0,6015 


0,6004 


0,5992 


0,6123 


0,6104 


0,6063 


0,6037 


0,6010 


0,5998 


0,5986 


0,6122 


0,6102 


0,6060 


0,6032 


0,6004 


0,5991 


0,5979 


0,6119 


0,6099 


0,6055 


0,6026 


0,5996 


0,5983 


0,5970 


0,6116 


0,6095 


0,6049 


0,6019 


0,5988 


0,5974 


0,5960 


0,6112 


0,6090 


0,6042 


0,6010 


0,5978 


0,5963 


0,5949 


0,6107 


0,6084 


0,6034 


0,6001 


0,5967 


0,5951 


0,5936 


0,6100 


0,6076 


0,6024 


0,5989 


0,5954 


0,5938 


0,5922 


- 


0,6067 


0,6012 


0,5976 


0,5940 


0,5923 


0,5906 
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IS 14615(Part1):1999 
ISO 5167-1 : 1991 

Table A.11 — Orifice plate with flange tappings - Discharge coefficient, C, for D= 1 000 mm 

Diameter Discharge coefficient, C, for Re D equal to 

ratio 

p 5x10' 1x10* 2x10* 3x10* 5x10* 7x10* 1x10 s 3 x10 s 1x10 s 1 x 10 7 1x10' 

0,10 0,6006 0,5990 0,5980 0,5976 0,5972 0,5970 0,5969 0,5966 0,5964 0,5963 0,5963 0,5963 

0,12 0,6013 0,5994 0,5983 0,5978 0,5974 0,5972 0,5970 0,5967 0,5966 0,5965 0,5964 0,5964 

0,14 0,6020 0,5999 0,5987 0,5981 0,5977 0,5974 0,5973 0,5969 0,5967 0,5966 0,5966 0,5966 

0,16 0,6028 0,6005 0,5990 0,5985 0,5980 0,5977 0,5975 0,5971 0,5969 0,5967 0,5967 0,5967 

0,18 - 0,6010 0,5995 0,5988 0,5983 0,5980 0,5977 0,5973 0,5971 0,5969 0,5969 0,5969 

0,20 - 0,6016 0,5999 0,5992 0,5986 0,5983 0,5980 0,5975 0,5973 0,5971 0,5971 0,5971 

0,22 - 0,6022 0,6004 0,5996 0,5990 0,5986 0,5984 0,5978 0,5975 0,5973 0,5973 0,5973 

0.24 - 0,6029 0,6009 0,6001 0,5994 0,5990 0,5987 0,5981 0,5978 0,5976 0,5975 0,5975 

0,26 - - 0,6015 0,6006 0,5998 0,5994 0,5991 0,5984 0,5981 0,5979 0,5978 0,5977 

0,28 - - 0,6021 0,6012 0,6003 0,5999 0,5995 0,5988 0,5984 0,5981 0,5981 0,5980 

0,30 - - 0,6027 0,6017 0,6008 0,6004 0,6000 0,5992 0,5988 0,5985 0,5983 0,5983 

0,32 - - 0,6035 0,6024 0,6014 0,6009 0,6005 0,5996 0,5992 0,5988 0,5987 0,5986 

0,34 - - 0,6043 0,6031 0,6020 0,6015 0,6010 0,6001 0,5996 0,5991 0,5990 0,5989 

0,36 - 0,6038 0,6027 0,6021 0,6016 0,6006 0,6000 0,5995 0,5994 0,5992 

0,38 - 0,6046 0,6034 0,6027 0.6022 0,6011 0,6005 0,5999 0,5997 0,5995 

0,40 - 0,6055 0,6041 0,6034 0,6028 0,6016 0,6009 0,6003 0,6001 0.5999 

0,42 - 0,6064 0,6049 0,6042 0,6035 0,6022 0,6014 0,6007 0,6005 0,6002 

0,44 - 0,6058 0,6050 0,6043 0,6028 0,6019 0,6012 0,6009 0,6006 

0,46 - 0,6067 0,6058 0,6050 0,6034 0,6024 0.6016 0,6012 0,6009 

0,48 - 0,6076 0,6066 0,6058 0,6040 0,6030 0,6020 0,6016 0,6012 

0,50 - 0,6085 0,6075 0,6065 0,6046 0,6035 0,6024 0,6019 0,6015 

0,51 - 0,6090 0,6079 0,6069 0,6049 0,6037 0,6025 0,6020 0,6016 

0,52 - 0,6095 0,6083 0,6073 0,6052 0,6039 0,6027 0,6022 0,6017 

0,53 - 0,6099 0,6087 0,6077 0,6055 0,6041 0,6028 0,6023 0,6017 

0,54 - 0,6104 0,6091 0,6081 0,6058 0,6043 0,6030 0,6024 0,6018 

0,55 _____ 0,6096 0,6084 0,6060 0,6045 0,6031 0,6024 0,6018 

0,56 - - - - - 0,6099 0,6088 0,6063 0,6047 0,6031 0,6025 0,6018 

0,57 - - - - - 0,6103 0,6091 0,6065 0,6048 0,6032 0,6025 0,6018 

0,58 _____ 0,6107 0,6094 0,6067 0,6049 0,6032 0,6024 0,6017 

0,59 _____ 0,6110 0,6097 0,6068 0,6050 0,6032 0,6024 0,6016 

0,60 _____ 0,6113 0,6099 0,6069 0,6050 0,6031 0,6023 0,6015 

0,61 _____ 0,6116 0,6102 0,6070 0,6050 0,6030 0,6021 0,6013 

0,62 _____ 0,6119 0,6103 0,6071 0,6049 0,6029 0,6019 0,6010 

0,63 _____ 0,6121 0,6105 0,6070 0,6048 0,6026 0,6016 0,6007 

0,64 -f 0,6122 0,6106 0,6070 0,6047 0,6023 0,6013 0,6003 

0,65 -*-____ 0,6106 0,6068 0,6044 0,6020 0,6009 0,5998 

0,66 ______ 0,6105 0,6066 0,6041 0,6016 0,6004 0,5993 

0,67 ______ 0,6104 0,6063 0,6037 0,6010 0,5998 0,5986 

0,68 ______ 0,6102 0,6060 0,6032 0,6004 0.5991 0.5979 

0,69 ______ 0,6099 0,6055 0,6026 0,5997 0,5983 0,5970 

0,70 ______ 0,6095 0,6049 0,6019 0,5988 0.5974 0.5960 

0.71 - - - - - _ 0,6090 0,6042 0,6010 0,5978 0,5963 0,5949 

0,72 ______ 0,6084 0,6033 0,6000 0,5967 0,5951 0,5936 

0,73 ______ 0,6076 0,6024 0,5989 0,5954 0,5938 0,5922 

0,74 ______ 0,6066 0,6012 0,5976 0,5939 0,5922 0,5906 

0,75 ______ 0,6055 0,5999 0,5961 0,5923 0,5905 0,5887 

NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. 
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